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though the valuation of anouities on 
lives, the ſubje& principally created of 

in this book, is of great importance in woſt 
parts of the known world, and particularly. in 
the Britiſh empire; yet it is a branch of ma- 
thematical learning, which has been but lately 
cultivated, and probably not yet brought to 
chat perfection id it 's capable of. 


I have dt to oobliſh the reſult of my 
endeavours to facilitate this kind of intereſting 


and difficult compurations, becauſe I conceiv*d 
that I had made ſome improvement therein; 
and J have been encouraged to addreis it to 
you, becauſe you are known to be a gentleman, 

who ad not r well acquainted wich the 


384 4 A2 6 mathe- 


ir DEDICATION. 


of "tho "whe "atempe to promote uſeful 
learning. ing 


' Should | you! honour this work with, : a per. 
all, 1 bope, SIR, yen will excuſe, or at leaſi 
paſs a favourable cenſure upon, the imperfec- 
tions which your great knowledge, in thofe 
things, may diſcover : Theſe, I hope, wilt 
be few, "becauſe I have endeavoured (to the 
utmoſt of my ability) to preſent you wich a 
treeatiſe, that might be worthy of. your prorgs- 
ance and dpprobation. . 
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N E gentral metholt of "_ Inte did | 


T 2 which is introduced ut the begin« 
: ning. of this volume, ' was rompoſed by the ce- 


— mathematician, whoſe name it bears, ſome 
years ago, and was then conceived in the form of a 
Jetter, direfled to William Jones, Eſq; with a d-. 
Aru that the fame Soul have been printed in the phi. 
toſophical tramſactions, in that form ; but Mr. JO 
death having prevented that, it wa- 
 municated-10 the author, to be inſerted in this 


U <p age 


This communication determined the aut bur to i * 
aſſume the fubjeft of indeter mined queſlions, which, 
though it bears a place in the firſt volume, is not there, 


handled, either ſo generally, or þo ckganth, as, 
bert. 


A.. De Moivre ene r manner 7 
Jotving thoſe gugfliont, in whith thert art three un- 
known quantities and but one equation; and in order e 
runder that the more intelligible, he introduced one 
rann, whichthere were but two -untnnon quan- * 
A 3 tities 


" thejake of fudents ia algebra, io Stu in what man- 
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n, "19 to which the author hath added a few mare, to 

mals that method of folution familiar to the reader. 
. De Moivre's ſolution of equations, containing 
three unknown quantities, is truly elegant, and equal 
to bis other performances ; and, as the author found 
that thoſe methods might be extended to equations In 
which there are four unknown quaiitities, he has endea- 
voured to ſbeto how it may be done ; but lefl any inele- 
gence or inaccuracy of his ſbould, for want of a proper 
diflinftion, be imputed to Mr, De Moivre, be has re- 
marked the Fon where that roman performance 
end. 

In the freand part of the fort 2 of cis met 
ſeries of different #inds are ireatedof in a general man- 
ner, the application of  many.. of which, to real 
uſe, is not therein contained; it was therefort thaugbt 


convenient is reſume that fſubject alſe, and, for 


ner they are actually conducive to the facilitating the 
computations of many queſtions, which 8 oc- 
cur in the tranſaflions of mankind. © 

And here it was impoſſible to paſs aver their uſe Ale | 
. in a ſcience, "which (although at all times neceſſary to 
br underfloed) was altogether unknown lo the antient 
mathematicians, and has been but very lately braug bt 
te any degree of perfection; the intelligent reader will 
. eafily perteive, that the detirine & chances is bere 
mant; upon which ſubject there are hitberts but few 
writers in any language, and Mr, De Moivre, the 


Guthar of the firſt fie thereof in Engliſh, is yet al * 
t 
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"1 will) es + very ff for the reader 10 * 

' the reaſin, why there is not Juch. 4 pompous lift of. 
authers quoted in this preface, d in that ia ile far: 

ner volume; for when Hungen, Manmort, d 

zernoulli; De Moivre, and Simpſon, have been 
damad, the other writers, onthe; ſubjadt, muſt be 
ſearched for among the tran/attions of the ſpueral royal 

ſocieties, and other Mycellanaous mn . 


De author found himſelf obliged 1 introduce the 
_ folutions. of ſeveral . queſiions,, relating to this ſtience, 
 -#vbich do not depend on ſeries, in order to enable the 
learner to undenſtand the reaſons of thoſe falutions 
which do; and in_theſe, becauſe they. contain | as it 
' were the principles of the ſcience, be has been obliged ' 
to follow: one, or more, of the ahove-named authats 
firittly ; but in the ſolutions of queſtions, whigh" are 
nat ſo fundamental, * frequently SINCE FOX F00- 
provement, ond Dope: with ſome fucceſs. - 


But of all the various Lind. of problems relating to 
chance, there are none ſo intereſting, io the inhabi- 
tants of theſe kingdoms, as thoſe relating to annuitits 
for lives, and the reverſions of them ; which will be 


evident when we conſid der the great property ** in 
them. 


The preſent * Nr 7 entailed ORs are in die 
common ' law juſtly called tenants for e; marriage 
ſeitlements generally convey the reverſion à conſi- 
derable part of the 'bridegroom's eftate, te the bride, 

A4 er 
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for her natural. life after his deceaſe ; 10-which two 
things all the frithold eftates in theſe kingdoms art lia- 
ble; and if to theſe be added, the great number co- 
fybolds determinable on lives ; the great quantities of 
church, college, and other lands leaſed on lives ; and 
the oftates poſſeſſed by ectlefatice! perſons of all d 
grees, we ſhall find, that the values of the poſſeſſions, 
and the reverfions, of much the greateſt part of the 
rio gates, intheſe tingdoms, will, one way or other, 
„ eee er 1 


e eee eie vil end 
military, all penſions, and moſt tharitable donations, are 

anuities for lift ; the intereſts or dividends of many 
perſonalities in the flocks have been, by the wills of 
their peſſeſſor3, rendered of the ſame lind; beſides which 
there are fome annuities on lives which have been 
granted by the gauornment, and have parliamentary 
fecurity for their payment ; and others that have been 
granted by pariſhes, and other communities, in conſe= 


guance of als of parliament mali for that pri. 


To the ſolution of queſtions of this fort, therefwe, 
ehe author hath, in this volume, applied the furmation 
of thoſe tind of ſeries whith the reader will find, in 
gazflions 185 to 193, part II. vol. I. having fir/!, 


in gugſtions 15 40 20 hereof, for the ſake of ptrſpi- 
cuity, repreſented and ſummed fuch particular feries 
at could be applied to this purpoſe, in 4 m__ 
what PIE from thoſe above guoted, 
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Leh preparatory queſtions are placed any after 
theſe of the indetermined kind, becauſe thi chain of 
rboſe ford to chance ſhould be uninterrupted ; and 
are fallnur by queſtions 21 and 22, which (till their 
Application, to the approximation of the valuts of joint 
urs, appears in queſtions 64 and 69) jeemt ts have „ 
 welation to the reſt of the work ; and may, therefare, 

7 the reader chooſes, remain unread till wanted, 


The ſalutions of the filbwing queſtions, to the 268k, 
enbibit the firſt principles of the _daftrine of chantes ; 
and though the words of each of theſe queſtions flat# 
nh a particular caſe, they are ff general application. 


The fubſe quent queſtions are claſſed, and contain the 
Following probabilities, viz. 


We 301b and gift, theſe of the happening of th 
W arid cf or m trials; ; 


The Jud, 330, and 366, by fone venta 
NF 0e . pen and 


N, 35th and 36th, os events — 
in 3. 4 mia 1 3 


An, the 35th, 48th; and vai 5 i th 
r nant. e 1 


— from ates 44 4 ico, a 
tis dodtrine #0 is ge TT "A 


was As Ne 


X./ ene Re, 
The ſolutians from thence, to. queſtion, 48, are in- 
a troduced ta eiu, that all queſtions, that can poſſibly be 
afted, concerning the happening, or failing of any 
number of events, in 2, 3, 4, e m trials, may be an- 
fivered by one, or more, of the termi, of the 2d, 3d, aths 
or mtb pawer, of that binomial, whoſe root is the fum 
's the chances, "iS the l and Jas fo one 
| Juch event. 


The queſtions, ER 49 to 54, EVTS to 5 
its; and art introduted for the ſake of the general 
urin, given in queſtion 55, for determining | 

any tickets ought to be purchaſed, to procure an equal 
cance for n at , rs 2, 3. 47 Or po 


" 
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Previous to our freaking of the 3 relating 6 
Annmities an lives, and their reverſions, it may be con- 
. venient to obſerve, that the antient ways of determin- 
ing theſe values depend upon different cuſtoms, which 
em to bave been ejtabliſhed, in the places where they 
are uſed, merely for want of good methads of calcula- 
tion, which cuſtoms are flill in uſe in ſome places 3. but 
ws the advantages that-will attend the determination 
' of theſe things, by computation, preferably to tbeſc 
lam, are obvious ; it may ſeem ſtrange, that (not- 
wi handing many of theſe tenures have ſubſiſted from 
the very origin of private property in theſe kingdoms, 
get) we do not meet with ſo much 'as an attempt to- 

wards computing their values, till 'that of the late 


juſtly celebrated Dr. _ , by the aſſiſtance of = 
i 
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PREFACE. 2 
Hills of mirtality at Breſlaw in Silefia'; "wMeb was 
Jon fallnut4 by Mr. De Moivre's truly admirable by- | 
potbefis, that the deerements of hfe may be eftcerel 
nearly equal, after a certain age. “ 


2 I 

It has been the opinion of ſome authors, that fince _ 
this hypotheſis was originally derived from the Breſlaw- 
obſervations, it cannot be near ſo well adapted to the 
inhabitants of theſe kingdams, as what has been deriu'd 
from the bills of mortality of London ; but this argu- 
ment doth not (as the author conceives) appear to be. 
concluſive, Tg SOFT She * 


0 2 +& 23 4 
* 172 


Nit, buran thoſe bills, as bitherth kept, ar nat 
well adapted to anſwer this purpoſe. | | 99 


| Secondly, beranſe the manner in which the ir- 
country towns and villages, live ; their occupations 
diet, and diverſions ; nay, the very air they breathe, 
are as different, as thoſe of London and Breſlaw can 
poſſibly be; and conſequently, {6 muſt the times of their 
 diſſlution ; all which has been, with a great deal of 
elearnefs, evidemced by Mr. Corbyn Morris in a pam-" 
'phlet, called, Obſervatioris on the paſt grow ti and 
preſent ſtate of London, N 


 Thirdy, becauſe thoſe perſons, who ſuppoſe that Mer. 
De Moivre's hypothefis has its foundation; particu- 
tarly, in the Breſlaw obſervations, art "greatly mi 
taken; for, on the contrary,” if tb London . 
4137s 0 _ now 
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tions bad been. then in Mr. De Moivre's hands,” be 
. might, as juſth, have derived his bypothefis from 
chem; which will appear from his own words, in the 


preface to bis treatiſe of annuities on lives, compared 
; with the London obſervations. 


| &* Too bee ee wy 
44 doctripe of chances (/ays that excellum mathe- 
< maticion) I took the ſubject into conſeration; 
< and conſulting Dr. Halls table of obſervations 
* (ſee page 149 of this work) I found that the de- 
1 cements of liſe, for conſiderable intervals of 
<< time, were in arithmetic progreſſion ; for in- 
#* ſtance, out of 646 perſons of twelve-years of 
"<< ages there remain 640 after one year, 634 after 
<© two years, 628, 622, 616, 610, 604, 598, 
. 592, 386, after 3, 4, 5, 6, 7, 8, 9, 10, 
«years reſpectively, mem GE of 
. thoſe numbers being 6. 


828 < Examioing afterwards other caſes, I found that 
_ << _the decrements of life, for ſeveral years, were 
A ſtill in arithmetic progreſſion ; which may be ob- 
s ſerved from the age of 54 to the age of 7x, where 
2 ben eee W e 


< 10, 


0 
* of obſervations, and diſcovered that property of 
<< the decrements of life, I was inclined to compoſe 
| EE ns; Ee 
W550 keeping 


nd * La 4 0 OY 


| <6 age of twelve; being ſatisfied that the exceiles 


| tions above, happens in the tables of the London ob- 
| feroetions (ſee page 155 of this work) viz. out of 530 


of the intervals differ from thoſe in the Breſlaw tables, 
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4 keeping cloſe to-the table of obſervations; which 


& would dave been done with eaſe, by taking, in 
c the whole extent of life, ſeveral intervals, he- 
< ther equal or unequal ; however, before I under 
© took the taſk, I tried what would be the reſult 
of ſuppoſing thoſe decrements uniform, from the 


&« ariſing on one fide, would be nearly compen- 
c fated by the defects on the other; 3 
« ing my calculation with that of Dr. Zalley, I 

4 found the concluſion ſo very little different, that 
I thought it ſuperfluousto join together ſeveral 


_ <4 different rules, in order to compoſe one. 


Nav the ſame thing, which M4. De Moivre men- 


Perſons of twelve years of -age,- there remain 504, af- 
rer one year, 498 after two years, 492, 486, 480, 
474, 468, 462, ofter 3, 4 5, 6, 7, and 8 years 
ruſpectively, the common difference being 6; and the 
rhe happens in many other inſtances ;, but the lengths 


' Now, fince either of theſs tables of obſervations 
might have furniſhed the ſagacious Hypotheſiſt with 


. the invention thereof ; and fince there is no reaſon to 
- doubt, but that the bills of mortality of other places 


P 


(although 
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(althiugh the lengths of the intervals, and manner of 
the increaſe, or deetreaſe, of their differences may not 
be the ſame with either of theſe) ; therefore it is highly 
probable, that if the obſervations, drawn from the 
bilk of mortality of a great number of places, were 
added together, and a mean table compoſed therefrom, 
that the numbers, therein contained, would be, at leaft 
for larger intervals than in either of APE truly 
arithmotical. 


Aud if this foould prove ſo, the hypotheſis may be ſaid 
ta le deduced from the bills of mortality of the world; 
and will be much more generally uſeful, than any par- 


ticular table of obſervations. 


Upnvever, if the r the 1 Lon- 
don ob/ervations be admitted, toe ſhall want ſuch ta- 
bles for every place, wherein a per ſim, whoſe life i; 
to be valued, may uſudlly reſids; in order to be able to 
callulate it 10 @ ſufficient exatineſ; ; and theſe, indeed, 
it is to be wiſhed, twere aftuallyin being *; and, when- 

r ſuch tables can be obtained, a method of calculat- - 
ing therefrom is provided in this work, 


3 In the nan tims, we. muſt baue u to the 
Ippat heft, far the calculations of ſuch lives as are nat 
reſident in London, « and a Je more great cities. 


— 


dee the author's letter v vpon this ſul 0 ge: 35 
vol. 2. of the philoſophical — Nl 


W Suppoſing 
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Suppoſing, therefare;.the decrements-'of life to be 


parately ſolved,” by the methods given in W Wha 
to 193, part II. vol. I. * Nera 5 


The whole work of rhaje queſtions is ik Ws 
reader eaſe, performed at length,” without ſuppreſſing 


words at length, after the example of Mr. De Moi- 
vte, and are fo contrived, that theſe rules ſeldom refer 


method of aeration. wa 


AM 


| = l 


have been taken (after an expreſſion of the anfuver has 
been obtained) ro diſpoſe the parts there into that tr. 
der, whith appeartd to give the eafieft numerical pro- 
ceſt; and, as every fled nectary thereto is inſerted, 


the ſolutions are ('tis true) conſiderably lengthened ; 


e in his 2 anon, and thoſe which the flu- 
wa” OR 2 


equal, the ſelutiensof all gireftions, that can be d, 
concerning annuities on one ur more lives, and the ro- 
verſions of them, are here, far the fludents aaſe, an- 
fivered by the application af the fummations of the jo. + 
ries in gueſtions 15 % 20% althungb zach of then 
might have been reduced to a different. feries, and f. 


any of | the intermediate ſleps; and the giti of a, 
theſe operations, which it was conceived would be of 


frequent uſe, are (for the ſame reaſon) inſerted in 


to thoſe going before, in order” to = ver the neceſſary | 


but then, the advantages, that the operator will thereby © 


Nene iu Bir nit flak Db Afi * A 
zo gite a folution to theſs queſtions, but great pains 
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dent will obtain, inthe management of his algebr at: 
- »- - +415: 4; e- eee eee 
W 

Lee gue/tion 561 . 
the value of « ſingle ie is invefigated, by Mr: De 
Moivre's bypotbgfis, eee v. * 
— — 


88 


9 (in which o ſignifies the conplament. 


, p the preſent worth of une pound dur ur tht ent 
of that complement, and r the amount of one pound and 
Ity intereff for one yer} differs greath, in appearance, 


8 1— 327 | 
From 3 the expreſſion given in bis treatiſe of 


x—I 
| aniuitics, n and r having the ſame fignificatim as 
before, and P Jigmfying the preſent worth of an a- 
nuity certain, for as many years 45 are r by the 
romplement of life. 

Now both of theſe expreſſions will give the ſame re- 
fult, 4 will appear by the under-written operations of 
the example given in bis treatiſe, viz. the value of a 
fe of 50 at five per Cent. where n N 
I, os. 

Ni, anne 6. Ab; De Moirre, 
P (taken 
n oa 1 6,5 473 
es en, 
| 16,547 
175374 


 Þ-RE NACE. avi 
Diwiae by n= axed dE 


De quotient 4826, bring taken fm at, ov 


' 851743 , 
Divige by (1,05—1==),05) »5 174. 

| 10, 35 the FR re 
guir'd. | 


— 9 10 the refult of queſtion 56, 
* 2 1731, andn —1=353 + 


Therefore 1—14p=35,1733 

Auitipiy by r, inverted 5, 

Wan ü 355173. 
1759 


From & 30,932; 
"36 whigh e the dividend, 


r—I =(,0 — }.QO 
4. Sly 5X205 J,0025 3 253 
150 | 


,0900 the diviſar : 
209) , 932 


10,35 — "4 
70 
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two reſpects. . 


Firſt, becauſe it can bt per formed by fewer figures; 


for in the firſt 52 feur ures are abſolutely neceſſary, and 
in the ſecond but 44. 


Saerondh, becauſe the tabular number, A 
by p, will be much eafier obtained (if the proper tables 
are not as hand) than the tabular number P; for 


(fence the one i is only the preſent worth of one pound, amd 
the other the preſent worth of an annuity of one pound 


= S Fial computing the farmer. 


| > - The authors who have rejutied Mr. De Moivze's 
Bolle, and chooſe to malie their computations from 
N / particular obſervations, have given us nb methods of 


computing the values (even of fingle lives) other, than 
\ zphax are particularly adapted to the two tables of ob= 
fſeruations above-mentioned, except that general one, 
of performing a multiflitation and diviſion, for every 
per that the propoſed * can poſidly continue in being. 


To remedy this defect Mr De Moivre, i, in a letter 


tranſattions No. 47 3) has givena method, deduced from 


fluxions, and requiring the uſe uf an hyperbolic loga- 
rithm, for the finding the value of a life from a given 


for the fame time) the latter cannot be found wWith- 


10 William Jones, E£/p;-(publiſbed in the philoſophical = 


table of obſervations; which method could have no 
Place in this work, becauſe it is profeſſedly written for. 


5 
* 
1 
2 
* 
4 
* 
is 
T? 
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| the uf of thoſe who- know nothing mort than commune 
algebra. The | author, however, has been ſurceſful 
enough to remove the obſtacle, and to arab the reader 
with a rule, which (confidering 1 the great difficulty of 
the problem) is very eafy, requiring only theſe 


and n neo EF PER 
o per FN f a 


yo invefizating the values We ad hoes, the 
| 2 has adbered more firiftty to the hypotheſis, than 
its great author uml, has done; "who, perceiving, ' 
perhaps, that the computations of the values of com- 
bined lives would, upon that principle, be more prolix 
than be could wiſh, has (in the contrivance of his 
rules) confidered the decrements'of life as partly in 4 
conflant ratia ; whereby he obtains an eaſier operation, 
tut at the fame time confeſſes it to be but an approxi- 
mation to the truth; for here, the reader will fnd © 
ll the aforementioned caſes of combined lives faived, 
in u manner riet conformable to the erke, 2 
Nr as "y . De Moivre's APRONS.” 
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| Pats hen vie duese we abe 
borence ta the hypotheſis, may be oftermed tas operoſt, 
= 4d Ar. De Moivre's approximation: bes burn ob 
Jede to, as not ſufficiently accurate," ie auilur has 
(by the afiftance of queſtions 21 and 22) exbibited a 
new approximation to theſe values, founded on the pu- 
u. ps e tur W 
* 


\ 


principles which are neceſſary to the other queſtions, / 


j 
ö 


„ - * 
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| ' truth, to baveit in his power to be as accurate in his 
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. * 
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which do dur (in all the caſes the cuther bay you bad 


wenn to try) differ from theſt derived, tricth, from 


whe hypotheſis, by vs of @ year's purchaſe, and require 


YR r 7 n 


60 


8 3 why (after baving df 


covered fo eaſy and accurate an approximation to the 
. values of joint lives) the author ſhould fill perſiſt in 
taveftigating the true ſolutions to the ſubſequent que} 
tions, which take up a great deal of room, and gens- 
ralh give a numerical proceſs, tedious mug h at bet; 
when he might,. either have directed thoſe anfivers 10 


be found by the additions and fubtraftionsof the values 


of foint lives (as has been done by former authors) or, 
at moſt, might have added and fubtrafted, only» 
of the . approximations ; which he has 
miete done, in order to obtain thoſe rules which bs 
ln 8 


15 chin queſtion, it may be properly replied, that it 
muſt certainly be very agreeable, to every lover of. 


computations ur the nature of the ſubject will admit; 
that many things open themſelves to the reader's view, 
i the proſecution of thoſe ſolutions, that will be both en- 
tertaming and uſeful ; for, not to mention the gene- 
wal of the conclujion of each ſet of queſtions, it muf?, no 
doubt, give bim @ ſenſible pleaſure to find, that (by ad- 
Ong as well as by the approxi- . 


mation. 


* 


_ = 


CLEATS © ENCE? OAT — 1 a _þ r 
7 "3 N 3 r , r 


| mations). the valus of - the lange of three unn 


| faint lives; which is only one, of the ſeven queſtions, \. 


xt 


PREFACE 


xves may be found, dependently ef. any fran ope- 
ration, by a numerical proceſs, at leaft as fhert as thas 


that (according to the former authors) muſt 1 
prediuus to this; and it is reaſonable to fippoſe, that 
he will, from the experience of this, be armed with 
patience and reſolution enaugh, in am ſimilar caſe, s 
gd through a lang operation in hope of a like refult + 
Dat 10 a reader of ſmall experience (ſor iu bum in par- 
ticular this wark is calculated) theſe ſolutions will be 
uſeful exerciſes of the theory of algebra, and render 
him ready at litteral computation : and laſtly, that, 4 
ter all, the reſulting numerical operations. are not /@ 
very opergſe, as to deter & perjon, who is uſed ta . 
gures, from computing the anſwers, tral, whenever 
the largeneſi of the properiy in queſtion, or the a. 
racy of the data, Hall render fuch calculations * 
fary, or certain. i 


The reader nil therefore nd; in the remaining 
part of the work, the values of annuities on two unequal: |, 1 
Joint lives, on 2, 3, 4, or m, equal joint Foes 3 © A 
three unequal joint lives; and, on threat joint lives, 
whereof tw ar puch, ond the" third rithir of "@ 
greater or leſſer age than thoſe be values of annuititss/ 
to cuntinus during thr longeſt of any furb lives; the vas 
lies of the reverfions of fums certain, or eftates, fur 
Jingle, or any fubb am. eee 


— 


2x — PREFACE; 


ons F an annuity, on any life, after one life ; after. 
_ or unequal joint lives ; or afte; the longeſt 
of true frach lives; ag af two fuch lives, after" one + 
Mile. them ſolved, rift, from the lypotbgjs, an 
ale by the new approximation; in ſuch à manner, as 
will enable the reader to calculate the value of any ſuch 
life, or reverſion, without r 0 
i of the ber knie Ania, a elite; a 


"8 "The * has, indeed” inve eſtizated the 2 of 

| annuities, and LS on unequal lives, and their 
approximations, no farther, than where three fuch. are 
concerned ; as ſuppoſing thoſe will be e ſufficient to an- 


. a all the purpoſes that will be comin only required ; ; 
but then, when the lives are equal, the computation 


| may br extended 10 any number of tives ; and the nu- 
mericul * operations * Teſting * "therefrom; © adhering. 
firifthy to the hypotheſis, are as eaſy as can br expetted, 
in the ſolutions of queſtions of futh great difficulty ; 
and, nn. cannot be ſhortened by ho. . qpogroe 


tion. 


n * * . * r 4 . 
"+ a 22 1 - it. = N 3 2 P 8 THE g 1 5 . 
$ ee A "4 ho... FN © = S pt 18 3 52 7? 2 "a * 
> py ; IC 4 = = - \ Py I, r 
„ * a THEE”, Ra. 1 RS =. % I. T” _ 8 


ak dt Sn<igy 4 
& * bs a.” os 4 
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Since the work o gane ing the values cumbined 1 
Auen, by the tables of abferuations, is exceedingly lobo-— 
mau: 45 appears by gugh. 68, in which the value of 4 
tun. inint lives is computed from the London tables; Wil 
@ method of approximating, very nearly, to tbem, is, 5 


there ore, deduced ſrum gquęſtiun 104; by which the i 
complement of life may be faund, which, upon the 
- ſuppoſition of. equal decrements,. will haus the fame 
| Probability of attaining the extremity of old age, as 
dN any 


PREFACE oY 


any given life has, according ta that — 
tions by which its value might be calculated. .. . 

Whence, if the complements of any — 
% ſaund) be ſubſtituted for "the difftrences" betwetn 
the gromm ag and 86, It any of the ſolutions Pears 
given, the gut will” be nearly” equal to the an- 
Auer, which would urig, by firietly computing by fuch © 
tables of obſervations : To this queſtion is anne d 
table of ſuch. complements, adapted to the London ob- 

| een, and Jome examples worked thereby, 568 
The «queſtions falling the "104th, relate to 
the "values" of thi exyeFations of lives; for finting 
which Mr. De Moivre has given rules, without theig- 
demanſtration, baving only informed the reader, thats - 
he found the value. of. the. expetation. of. a: H 
life by.a calculation dettuced from the methed of fluxionss. - 
but bere, the value of the expeeGation of A jingle life . 
is found, in a manner fimilar to that .of an annuity 
thereon; and the values of the expect ation of combined 
lives are deduced therefrom, in the ſame manner as the 
approximations to the values of annuities on ſuch lives: 


and the numerical proce ceſs, for finding the expri*ation 
of the lige of any number of liyes, is (ar bert) 
ſhorter, than that, for finding the expeation of any 
number of joint lives. 


The follnoing tables are inferted in this work, VIZ, 
A table of the preſent worths of one pound, due at 


be end of any number of years, leſs than 101, 
| \ ff % 


5 
| 
5 
, 
, 
I 
t 
, 
£ 


9 ed a. 


* 
+* 


as PREFACE. 
Au, of the prejent watue: of annuities on ſing 
ous Ern 


" A table of the multiples of the fixth part of the pre 

lent worth of one. pound, dus at the end of one year ; 

which is very uſeſul in the above mentioned new me- 

| ee, rhe akin Foc, 
ond their reverfians. : 3 4 1 


| - Mi which tables are computed at the 2 
'S 355 + 42> 5» and 6, per Cent. 


A. thedefign ed bali 
thet-of. e, vie. the rendringef the e dif5- 
ul parts of calculation eafy, and familiar, to learners ; 
und, as it has been endeavoured, in the execution 
thereof, to render it nit altogether umwoor thy the par- 
»/a/ of. forp experienced readers ; the author hopes for 
| e e e be r 


. 
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The So. uTion indetermined Queſtions - 
in Affirmative Integers, communicated by Mr, 
AnBzanam DR Moirvgs, Fellow of the 
© © Ryyal Societies of London and Berlin, | 


* 


Lab reee 


* 


4 at 2 | 1 FOIL WW 
is required to find two affirmative .integers ; the 
] firſt of which being multiplied by 35, and the ſecond 
by 43, the ſum of thoſe products may be 4000 ? 
Queſtions of this kind have been ſolved by ſeveral 
Mathematicians, this being inſerted here, only, as an in- 
troduction to thoſe that are more difficult. 


4, 2 SOL OPCW”: . 
By the queſtion, 35 x + 43 9 4000, | e 
Or 35 * 40 - 1 
Th · N 1 x = I 3 

i 5 
Which fra&ional expreſſion is to be a 
nature of the — v. by the 


. 
Thereſore (dividing 


And 


2 MATHEMATICATL 
m an — a leffer 


Now it is evident «thay, 5 if from 
be taken, 


therefore, in order = 3 a 55 in the ſim 
terms, let the greateſt integer poſſible, be 3 


the above expreſſion. 


Now FESPE na 


3 "as will 


Ss SY 


appear by ddl dividing 4000 —— 43 y bs 35. 


If therefore 414 — y (the greateſt 
taken from "the ; n 8 e) be 
Then r = —.— 


be an integer (ſuppoſe 7) 


as before 


cr, 
2 — 27 


. eater ie 
Then - 1 


35 


Or | 

1 herefore (ig 2 — 25 5 
again) et Mr >) 

In which expreſſion — 25 is * quotient, or greateſt int- 


2 —2 
ger, and — remains let ;,= 
Then - 3t = 
Or — ec - - 2 22 


There ſore (dividing once more) Fy 2 


From which laſt expreſſion it is N that 2 z "ms 
43 Or 27 * 


be an integer; let therefore 


Then by reſuming 4 451 — hs X 2 


former equation 


35. 


2. — 227 
— % 


22 3. 


2 22873 


— 27 
4 . 


3 


2 — 21 
1 Au 


2 — 2 


. 


DJ 


* 


3710 
89 10 — 35. 


P D 


* which expreſſion 1 — 4. 7 is the quotient, or greateſt 


= —37¹ 


And 


1 


R rosrroar. W $5 


ad ET LI 2—8$+ 249 
7 x12 + . 
F 
5 4 52 0 20. + / - 


* 1 7 
1 . 


N Int wt 5 roo: = 
— — 10—260p+70 
1=(= "#1 TT TAC: 8 


That is x = (mbar 


Having thus t. dens, expreſſing the values of wo 
and y, 5 any integer may be aſſumed for 
p that will render x and y affirmative ; but from the equa- 
tion 6 10-359 it is evident, chat p canndt be an 
affirmative integer; for, if it be, then „ will be negative, 
which is contrary to the intent of the. queſtion ; p muſt 
therefore be, either o, Ok a W integer. 


=; x=102+ 0102 3 andy=10— 3 


f==—1:; $102—43= 593; andy =- ＋-35 A5. 
; $5—3 ; ie 16; and = 0==80, 


It will appear very plain, that cannot receive, . 
more interpretations ny pl the three 2-4 pn z; if K K. 
conſidered, that when p = - 3, then x = [102 — 3. x 
43 =) 102— 129 ; that-is xwitt be negativer 


The above. method will be better. underfiood, if illefirated 
by a few exampler, © 


- 
1325404 6 


* . . 
* - 
3 F © — . 4 R 
32 or 
. * " F* —_— 7 4 
. a q 


SS &# » 


N Nee 


2 * 


— 8 


LP "QUEST oN n. 


Required the values of x, 3 * 
TE 10957 See Nel, 329, Fol r. 


N serbien 


_ 


Ve ” U 1 
— > * * 
= uh „ 2 4 
* 4 $65 


Glace jr os $698 - | 
The - 175 ="1006— 714. 


And by drs, A= = . _ 


. TD 2 — 8 . 
put * * . 


* 2 = . 


© 
e D 
aha pierre 


3 
4 3 Then 27 = TTY 


. . ro eg 
2 251 


abe 37 


4K 2 172-57 + 
V28 a2 1264 $4142.24 100 * 
3 4 — 75 . 
; . 2 | 360 =71x > # N 


nt 252 aka - Th. 


And becauſe y=80 e 1 75 


Therefore the only value of p in integers will be 1. 


And then x =17=—-5=12; Andy =80-71=9 8 
QUES 


REN Rerosrrory. 5 


- eUESTION 11. 


How many ways can 100 pounds be paid by guinea 
+24 . F "See Leg. 225, 
of, 1, | | 


SOLUTION. 


* — — e ; . 
4 0 . . 1 ; ' 
CC ins Er A TEN — OE OY - 


Now boceuts * 2 2 The . C15 


By the 214K 17 y = 2000, 
Or - 17 y = 3000—21X} 
2000 - 21 x —+X 
razr v], , ne 4 
Let 33 e Then 4 S TESTS] 
Therefore . 2 Ar, 
| Let | 8 2 3-5 
| £s i 3 
1 * . 2 
ö 8 N 
: 4 
: 2 $120 2 3 
; 2 * 7 S ¹. 10 
= „ „ 29921 x 174 +210, 
g Laſtly | 72 = 17 * : 
| Or 130=21 6 
| ts wen ie, f » A 
F 
| 


And 150 , 
a becauſe, Cake 130 21 (2s 5 


13 


6 MarZITATTCATL 
Thereſore 6 = it, 2, 3, 4. 5 6,_ 


; * * 4, 8, 7 2, 
— HEY 17 S K 9.46 5 7 


QUESTION w. 
How many values can x and „ have, in affirmative ins 
tegers, when the given eee 5 50 = 1999? 


SOLUTION. 


bow: 


» 3 $4307 
43 


* 


ne I -2 * * 


i CEE — ES TT 


ee Ia 8 et 
(Ws 2 e 393 + 82. 


fe SE Now 


- n r PF ET er. Pet We, 7 LES nr. r N 


3.2 * 


. F >” YT r EP ORE at 


| Reyos1TORY.  * 7 
Now -finee j = 3— 5 7; it follows, that 7 is either o, 
or a negative integer; and + will become negitive, 
when 8 # exceeds $93 ; Therefore the values of ? will be 
3 x 393 +1 (= 49 + 1) Fo the number required. 

Hence the firſt values are y = 3, and x= 393 ; and 
the laſt will bey =(3 +5 x 49 =) 248; and x=(393 = 
8x49=) 1. . 


ScaoLiuM. There are two particular caſes, in which 
tbe ſolutions of - theſe queſtions. may be obtained, without 
the above proceſs, | | 


Firft, From the ſolution een part 1. vol. x, 
it will appear, That, if the abſolute number can be mea - 
ſured by the ſum of the coefficients of the two unknown 
wd ; then thoſe unktown quantities may be ſeve- 
rally equal to the number, by which the ſum of thoſe 
coefficients doth meaſure the ſaid abſolute number, and 
_ other anſwers (if any) may be readily found there- 

om. | 7 

For example, if 3 z + 55 lig S igs; 
Then 13 Ys enn 
The 4 == 4+ 9» 14,19, 244, 29, 34+ 39, 44, 49. 
Jy =28, 25,22, 19, 10, 13, 10, 7, 4, 1. 
| Secondly, From the ſolutions of queſtions 221 and 223, 
wy 1, vol. 1, it will appear, that, if the abſolute num- 

r can be meaſured by. either of the coefficients of the 
indetermined numbers; then the indetermined number, 
that has the meaſuring coeflicient,” may be equal. to the 
difference betweeh- the number by which the coefficient 
meaſures the abſolute number, and the coefficient” of the 
other indetermined number; and that other indetermined 
number will, at the ſ:me time, be equal to the mes ſuring 
coefficient: whence the other anſwers ate readily found. 
mn HK3x TORS; r 
ben == (barn) 47 = 4x37 

Whence by queſt. 221. 7 8 3, 6, 9, 1, C 
2 And 17 - 5, 10, 15, 20. Cc. 

The (t- 12, 7, 2. 

B 4 | ExxAurrs 


= 


* 1 Nr 2 U . „ GL ES > 
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8 MATHEMATICAL 


ExanpLy 2 If. 3x+;3=85. 
Then 3x=85— 3522 579i 
Whence by queſt. 221. & 2, 10, 1, 20. Ce. 
— 17 3. 6, 9, 12, Se. 
Th. 7 14, 11, 8, 5 Ser. 


gon. I. 


Hence, if both the coc fficients meaſure the abſoldte 
nu uber, then the leaſt value of each indeterm led 1 
tity will be the coefficient of the other. 


EXAurTE, If 3x T 47 = 1201 


Then the leaſt value of x will be 4, and. the leaſt va- 
Jue of y will be 3; 
And x = 4, 8, 12, 16, 20, 24, 28, 32. 36. 

V 27, 3% 21, 18, 15; 12, 9, 6, 3; 


COROL. NH. 


+ 0" both the coefficients, and atſo their raj will a mea- 
fure the abſolute number; then (beſides the property 
exhibited in the firſt corollary) the tumber of anſwers 


will be equal to the ſam of. the two . cocthicients, leſs 
one. 


ExalPLE I. 13 4 120; ** 


Tben, the leaſt value of & will be 5 4 the leaſt value 
%% ill be 33 nme 


( 3＋5 —18=) 7. ' 
For x = 5, 10, 15, 20, 25, 30, 35. 
"And y 21, 18, 15, 12, 9, 6, 3. 


Exaurzz II. If 42175 308; 
Then æ = 7, 14, 21, 28, 35, 42, 49, 86, 63, 70. 
"And y = 40, 36, 32, 28, 24, 20, 16, 12, 8, 4. 
Where the number of anſwers is (4+7—1=) 10. 


+ *RzxPyOSITORY. 3 
But even where it will be eonvenient to uſe the firſt exhi« 
bited proceſs, ſome caſes will be much eafler than others. 
For inſtance, if the greater coefficient, and the abfo - 
Tote number (being both divided by che leſſer coefficient) 
leave the ſame remainder, (as in the following queſtion) 
the proceſs will be much ſhorter than in ſome of the 
former caſes. 8 : 


2 


—— 


W QUEST-LON: V: 


Hyw many different ſolutions, in affirmative integers, 
al be given; to the equation 3 * f | | 


7 1 2 5 14227 | 
* . 2 3 h — . e 
a Bis tha. 


2— 2 * 
2—3 5 1 r . 
. IJ MG * 1 If 7 97 
1 = 2; 7 


a — — — 2 56 *: 
Where - muſt be o, or a negative number; Therefore 
the figns being changed, lf EY I 
J=1 +31 Thom 


And the number of anſwers will be 1 +'1 r= 12. 
| 5 ES 


MATHEMATICAL 


QUESTION vi. 


Ee dT fimathe i integers, fc 
| {bat the firſt being multi) : 

the third by 8, the ſum 
10003 


8 OTL U TT. 


by the queſt. 3x + 5,5 8 S long, 
1% 20.1: A= 


2 abe 3334—5—4 e ; 
Let = == 2 Then 2 „-a. 


Wheate 5 a ve, 


1 , * — 
_ pp" pan ſiun . | 
And i — 2282485 
FS EEE * 2 oy 


| - That is Th a wore ; 5 


And 24 323 23 
| 3 


SG — : 
1 That is 23336 == 57, | = 
AER hers (viz. y = 3-2 — 1, and 
x = 3335 + &#— 5 LL is indetermined, and & is to be 
determined with Proper limitation, | 1 


5 « . * <= 944 Th 
4 4 


' Ry b651r0oky, It 

Tue leaſt inrexpret#tion that & can poſſibly have be- 
ing x; the above equations may, by that aſſumption, | 
ſhew the limits of 23 ſor then 3 —&— 1 will become 


5.2525 C3 And 3336255 will become 
5 Tu e e, 


Having thus found the limits of 4 ; thofe of æ will ap- 
pear as follow: „ 

If. SI x= 333 — 2 Andy= 2 — . 
326 2; | = 5. 
=I Aa-: = . 
241 K 23316 - 2: in K. 

Ee. ö | Ec. Nen e. 


For the clearer explanation of what follows, let the 
values of x, colleQively taken, be denominated by the 
letter A, which is placed over them ; and the values of 
„. by the letter B, which is placed over them; Then, 
Firſt, Since the abſolute numbers in the column A de- 
creaſe perpetually by the. ſubtraction of 5; the number 
of terms in that column (aſtet the firſt) may be found by 
dividing 33 * (the rextelt abſolute number} by 5 their 
common difference: Now the quotient of chat diviſion 
will be 666, and the remainder 1 3 therefore there will 
be 666 values af x, in that column, after the firſt, ar 
607 in 5 1 — mo | 12 . R 1 3 1 ůãgkÄͤf C24 
Secon ince the temainder left after dividing 3231 
the preaceſt abſolute number in the column A, 3 the 
common dift-rence of thoſe numbers, is 1; "Tt appears, 
W that che laſt value of & in that column will de 1 — 21 
W-which value of & is uſclefs, for then x will be either 
or negative; and therefore there will be but 666 uſeful 
values of x in that column ; and 3 may be apy number 
leſs than 667: The three laſt values of . *z Andy, 
fallow; E £4743 <Þ by" 0 1 27 * * 89 


1 „ » — La | . * * 
a 031907 u dan FEI IW TRIO ZZ 1 | 44 
1 1 * 4. . . ” * - x 8 
1 90102 80 1081 114 8 6 abt 311 . $ 2 POET oh. 
Si 4 : Te 
"SIE | 


* * a * * 
«SS * F 


- 


ir MATHEMATLIOAML 
If 664; x=16 —2; Ander 1991 —x; 


$== 6653 x=11—x; y = 1994 — 2. © 
1886661 x= 6— 2 :᷑᷑ + y= 1999 —#. 

- Thirdly, If we were to determine the limits of æ from WW 
the firſt equ tion of the column A, vis x= 3331 —z, 4 
we might be apt to conclude, that = might be any num- bc! 


ber under 3331 ; and by canſequence that it might, re. 
ceive 3330 different interpretations 3 hut ae 
correſponding equation in the column B, viz. A 2K: 
it appears that the values of z are thereby nhraves, and 
that it muſt be lefs than 2: In this caſe therefore 
= admits but of one ini tion, wiz. 1, Whence 
_ x2=(3331 — 1=) 3330; and y=(2—1=) 15 
New 3x 35(3x 3330 = “. 
And 8 (GX F=) 8. 


From which operation, we may conclude, that the 
above values of æ, , and x, are rightly found. | 


uri By examining the ſecond, values of & and y, 
(which are & = 3326 - , and y =.5,— ] it will ap: 
pear, that & may be any number under 5, viz, either 
1. 2. 3, er 4: Apain,. takiag the third value of y, (viz. 
z3=8—x) it is plain; that = may be any number leſs 
than 8, and conſequently, that it will have 7 values: 
And hence we may be apt to conclude that the number 
of interpretations of which z is capable, when is ſeve- 
rally interpreted by y, 2, 3. 4, 5, Cc will be v, 4,7, 
To 10 OE ITE ran tne hs nc 
DTiabh, lo the ſame manner as the values of x, in the 
column A, are reſtrained by thoſe in the column B, in 
the caſes before cited; ſo, after x certain number of 
terms, will its values, in the column B, be reſtrained 
by thoſe in the column A: For, if we were to-deter- 
mine the limits of æ from the laſt value of x and y. (wiz 
"that wherein = 666) we ſhall find, in column 8. that 
4=1997 — x; from whence it might be 2 


| 2 FX , _ — ks - ws — 
b e 
I, bk > = + = 8 83 Kd 
5 * e n 3 


= 1 3 
285 -» * 


% 


3 
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that & may be any number leſs. than 19977 if we did 
Hot, in 8 find, that x 26 , and. can, 
ſequently, that æ muſt be leſs than 6. SK 
Sixth, From the above examples, it is evident, that 
the column A will begin to reſtrain the values of x, in 
the column B, as ſoon. as the abſolute number, in the 
column A, becomes leſs than the abſolute number in the 
column B it remains, therefore, to figd when that will 
ha J in order to Which, nen * | 
4x = the diſtance of the terms, from the fir 
wherein the abſolute numbers of the two columns. w 
Become equal, | 
Then, the abſolute numbers of the column A, 
are a decreaſing arithmetical progreſſion, whoſe greateſt 
term is 3331, and common difference 5 the term, 
whoſe dittance from the greateſt is a, will bo 3331 — 5 4 
And becauſe the abſolute numbers of the column B are 
an encreaſing arithmetical progreſſion, whoſe leaſt term 
is 2, and common difference 3 ; the term, whoſe. di> 
ſtance from the leaſt is a, and will be 2 + 4 8. 46? 


Hence 3331 — 5 =2+3", 

r 3305 2 Age e. 
Thatis (2-2= 164 =m- 8 
Therefore, for 416 terms; after the-firſt; (chat l to fa ; 
for 417 terms) the abſolute numbers in the nn: | 
exceed thoſe in the column+B ; but in the 418th term, 
and all following, the abſolute numbers in the column 
B, exceed thoſe in the column A ; for the more clear 

ption of Which, the 4t6th, 417th; and” fome foie. 
wing terms, are here ſet down; 
$=416; = i == h 
AND 1251— 23 J=1250—z 

is x= 1246—2j y=1253 —2" 

4227419) zA — 2352125623 
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_— * 
* * bi 
9 ” = A 
-_ " 
. 8 1 * . 
S + 


Miri nere 


Aer, for the Ert 477 tefmt, Pe clumd B refliatiy 
de values of = in the column A; aud for the lan 
| "(boat 19 =}, 1 the column A refliaits the 


os m the co 
Lash, Since for the firſt 417 terms, wherein the num. 
ber of the different values of z are determined hy the c- 
Jawn B, thoſe numbers form an arithmetieal ogrefſion 
wi. 1, 4, 7 10, 13. Ce. the hft term of Which 
9 Therefore, the fum of chat pto- 
$ the number of all the values that æ 


S 12 
een bart thoſe 47 terme! which fut as 
queſt. 12. fert 2. vol. 1. e 


Ardfince, for the bod I 83 the noms 
her of the dillerene. valdes' of « nre ,clevermines: by the 
column A, they form (if we begin at the leaſt) the arith- 
— 31371 1=2% Oc) 5. 10+ 15+ 20» 
Er. of: which the laſt is (1246 — 1 =) 2245 ; There» 
fore the nymber of all the values of n ge. 


249 x . 1 | 1 89715 T 
f Therefore, PEO WEE TORE" 
pion ee en . 


een. 13 F «1 * * 3 | 2-43 14 4 
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— different iGo. in ar- 


mative integers, can. ariſe from the equation 3x +52 
+19z=13051 t 


1 


SOL U- 


"RnPoO31TOAF.. 


. SOLUTION: 6 6, 97 


23 3X = 13951 3 


_ eres 2 W 00 


Y — - 
$1 inen $5.4 


s [—Z=>JX —— — 
ci ”= '2- Ewe 2 | 


or „ A. ee 


2 


W e —— wt 24 


2044 


6 — — | 
or * e eee 


wr bend 2 has different fag in the values of x 


and y; let us ſubſtitute = . which is done us a 
matter of convenienge, not of noceſſit x. 


Then = (SBA e 62573 
And „ GN O a 
1 COU 1; Andp—2 869 f. 


« FE | 437 
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A 


Now if p=2j a==4342—3 2; Andy 5 — 2. 
P31 x=4337 — 323 y= 8 22 
= 4; £54932— 323" -. y=11. —22+ 

| 1 RAY Fo Sc. 

If p = 867; X= i) — 32 58 2600— 22. 


Ee. 


C- 


= 868; x=12 — 1221 y=2603—2+* 


F 3869 Xx=7 — 32; y= 2606230 


Wbere che number of tertus is $6%-- 


Now from the Beginning of the column B, we find that 


Wheap=2; Then HI =) 2i-. Thzhas 2 1 


9442 *** 8 3 42 


1 RF 
** 1 - E 


| 6 s he 
"A7=) $5 = $4, 
&c. Ee. 


4 


And from the end of column A, we find chat when 
p=869; Thenz=J'4 =) 24: The Shas 2 


„ $=868; AY) 4 «3 þ@ 
= 8673 "A7=)' 53. * 5 4 
18663 4 ＋ , 77" * 7 
„ „ e 0 1 2 
5228643 3 A) 103 · xz 10 
P8633 1 123. 8. „ 
er ee = 137, 
( SHW% TINA. _ - WP 


But although the two ſeries 2, 3, 5, 6, 8, Sec. and 
'2, 3, 6. 7, 8. 10, 12, 13, Sc, which contain the num - 
ber of the different values of æ, arifing from each term 
'ef the faid columns, are not — arithmetical 


Pro- 


R IYOSsIT ORTY Bf 
were z - 


p as thoſe reſalting from the laſt queſl 
ret they may be divided into ſeries that are ſo: That is 
- s ſay the ſeries 2, 3. 5: 6, 8, 9, 11, 12, 1416, Ct. may 
f be divided into the two which follow; vx. 2, 5, 8, 11, 14s 
— er. and 3. 6, 9, 12, 15, Cc. both which are arith- 
| metical; And the ſeries 2, 3, 5, 7, 8. 10, 12,013; 181 
. 17, 18, 20, Cc. may be di into the following three 

ſeries which are arithmetical, vir. 2, 77 12% 17, Ce. 
4 2, 8, 13, 18, fc. and 5, 10, 15, 20, Cc. And there- 
bo fore may be ſummed, as the former were, when'the 
' greateſt term of each ſeries is known... 

Now, becauſe the values of x; in the column A; are 


determined by I of the abſolute number, and in the co+ 
lamn B by £ thereof ; it will follow, that. in order to 
find where the column Nceaſes to determine the number 
of the values of z, and the column A begins fo to do, it 
will be proper to make an equation between I of the ab 
ſolute number belonging to the term whoſe diſtince from 
the greateſt in the column A is , ard of the abſolute 
number of the correſponding term in the column B; that 
is, becauſe the abſolute numbers differ by 5 and 3, 


or 38684 — 10% =15+99.. . 
That is 8684 — 15. (os ＋9 2292 


Thereſore = 456% =» 


» 
= 
* 


'Whence it follows, that the column B will continue to 
determine the number of the values of & for 456 terms 
after the firſt, that is, for 457 terme; and that the c- 
luma A will determine the ſame, for the remaining 
r 40 Was... 75 es 
Now, tince the two ſeries, depending on the column 
B, are between them to contain 457 terms, it follows- 


that the firſt of them will contain ( 2 ＋ = ) 229 
terms, and the ſecond 228. Whence the bend term, 


18 MATNTUAT IAT Fn) 


A "the "tor ill be 8x3=) 686, th 
LE bo e Ks 


7 e, vil | 


a e evi POR n e . 1h 
colima A, are between them to contain 411 terms; | 
allows, that anch of them muſt contain ( i=): 137 


3 

greateſt terms. of them will be 
6 68 

va; fe TEL Fags a 0 


| IEP TEE 5 MEL 14110! 


and 3 7094 143110 = agg will þ be che number 
22 * 
N 


IR pon ies wil od 
* *. fr dh De Moirre Join 


ths *. a d juſtly cclabrated Marhematichn 

AA Ration 12 2 
the ſign—decomes prefixed to the 3 ntity 
&, in the values ry doch x and'y} is not made dor ne- 
pu wel dat by choice i muy be u fpeculstion worth 


parſuing, to find the A of 5 the 
55 | 


eee 1 — 


4 45 2+ 1. 187 © Where calling deco, 
5 — - bs, pe 


132 a % 


Amt 0 2 


er: 


Remo TRT. 29 
Hir %- 2 N And x has 543 values, 
Au eee, e 
See OE 4” 
1=A 335 r . my 
2 1243/82 3400 
F En EET 
124 = e Ame et ft + NE: 


2 r 


De e 

rA D . 

2 nebel N 2 
* 2 


„e. 8 Fe. i443 9. De, N. 6 N 


* 


aa b e 2h Path 
metical progreſſions, . 
1 . . 542,5 37 $32, Ce. 54a, 587, $32,256 
541, 536, 531, Sc. 540, 535, 530, Ce. 540, 535, S500, 


"Orv l. hn ein i 


ALE Aero ane 
nme, as x +1189 


Alſo fam6r the four br the fon 2 £ 
$32, Ce. Snag th four da $49, $35, 542, DE 
are repeated twice ; TH the Subs of py — 


toe; - 1084, 10 74, 1 bi 80 oo, 
may be wrote in er l. wel N Aer 21 


| 
10 1 Again, 


I 


| 
4 
4 
t 
. 
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Again, ſince the firſt and laſt progreſſion, differ ony 
in the firſt term, we may n 1076, 1066, 
1066, Cc. for them. 

be ſame method may be advantageouſly purſued, | 


with reſp to the two remaining progreſſions, that have 
rog terms ; wiz. if their firſt terms be ſeparately conſi- 
dered, theo a'l the progreſſions will have the fame num- 
ber of terms, wiz. 108. : 
Hence the number of anſwers required may de ex= 
preſſed as follows, . | 
543 5 108 terms of = 1066, 1056, Ge. 
+ 1084 ＋ 108 terms, of 1074, 1064, 1054, Ce. 
+ 545+ 168 terms. of 336, . 5313-526, Ge. 


+ 108 og aria . e e N 


539, 534, 529, G. 


Which may (by addicion): be expreſſed by the following 
ies: 

21684168 terms of > 266 226, Ce. of kich 
3 Ane 43 . 
(4395—(207 x49=) 4280=) 28; And conſequently tho 


ſum of the ſeries will be [EE DEL IO 


to which, if the above reſerved ſam: (2168) be added, the 


reſult will be 235988. 

But this differs from 298204, the number of fore 
before found, by 62216; from whence, it may very 
Jetty be concluded, that this progreſs is defeQive. 

Now, in the equation y N 1, when & is 
any number greater than 1, s may be nothing, or a ne- 
' gative number; And how great that negative” number 
may be, depends upon the n for, by the 
| Z=1 


equation y = 3 K-11 ee Ger 
No the greater limit of + may be 2bined from the 


origival' equation, 3 K 5 y + 19s = 13051; For 
193=13051--3xz5 y, and face — leaſt value of either 
* * & Or 


21 


„ Rrrostiro kv. 


4 or i unity, Cs * will be 
— 13043-3 AION % cannot _ 


N 


— Ih 1 will be s 2 yen 


Now the equation, y 33+ 2—1, may, when s is o 
or negative, become y = = — 3s5—1 ; And the equation, 


_— 4 1 — 8x, may become #43525 18 


dete 


8 
— 
l 


7 


+ w ww nv 


100 —2 


= 


Nx 
. 


wa” w 


Cr. 7228—2t rr 15 


| 55 Corr. 2 —18 
Y - {E:/+5C201,.Iz zg—z 


Wh 1A HA is WY 2s WL 1 


Ats. 91. z3—LL 


8 

8 
455 
28 
$15 
1s 
205 
«86+ 
67 
8 
. 
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- Whence it n evident, that the number of anfivers: ret 
ſrom the conſideration urges oP preps he 


| gative, conſiſt of 8 arithmetical 
| greateſt terms are as above, their com 


19, and the r the tema ol all — 
taken. together 229; ber bes 3g . 46 J. therelare the 


firſt five. progreſſions. will an. 
maining three 28 terms each. - — 

. Now if 2688, the ſam-of the. greateſt terms of the g 

progreſſions, be ſeparately reſerved, there will remain 

oh progreſſions, each of 28 2. the greateſt 


terms of which, with. 52 1, 8 19, 5 16, £1446 31, 
$26, being added 4284 — 1176 85 2 — 
torms of a progreſſan, which will be equal 9 ** 

decauſe e:ch of the 8 former progreſſions has 1. 2 


common difference, therefore (19.x 8 =) 152 wi 
the common difffrence of the latter. : 

_ Now (4178 (a x 152 21496) us. 
hath ter, nnd conſequently, — 2 = -=59528 will 
222 Hat: ins the. fun 0 OR 0 


ſe. common difference and number of 

— 2poahs 8 to which, if 2688 (the ſum of the great- 
2 terms of thoſe five progreſions, that have 29 terms 
be added, their ſum will be 62216, which was be- 

77. rved to be the deficiency of the former proceſs. _ 
As the intreduQtion of the latter method, after-tbat 
which the _ . * ”_ gre: may, 
any, be thought impertinent, the Wi . 
IAA 4 ꝓtaper ſubſtitution (ſuch as is ow 
— 19th values capt he own ) doth 
not adily appear, and perhaps cannot he found at all, 
i ** by way 1 Juftcation, "= 


P 90 
ens. 
—— » * 
* a ” Ao — 
| | I , * 


R 3 081 ren 


ts we” 


"QUESTION, VIII. 429 5 80 5 Boles 


Hye: many. different. ſolutions in affirmative. integers, 
will the * S ae 


Nuh od -$0LUTION, 
* 


X X 2A 
N 


Here * 2 A e, 7 


* 1 25— Erb- i- 


Let 

Whence 8 — eee, 
| $1 LIED p —_ 4 

Let 5 1 


. ce 7 * 


| —— ? 
1 242321122 
ie 45 =p m_ "225727 17 . RES 
ek 6— —— and 
And 158 — —— 2 
Or 96 l. , G48 


Wy (the following ſubſtitutions being made] will 
become, 

N Jem fm mm; 44 68 
NN pre; z; And 21866, 
UE —2; yi; ＋2z 2—2; And x==1865 4 tf — 


WEE SR; J==7 -. -·2; And x==18654—8:+ wz3 
R- yum hn; —2; And x=18654þ7p=0 23 
In all which, and many more that have been bor 

Te 


the upknown quantity has different ſigns in the values 
Y. 


|  "Libiting the value of x, being 


+ Mir ür MATT GA 1 


It will be expedient, therefore, as in the laſt procef, 
to find the greater limit of x 3 which {fince 9 x may 


(992567 — 5) 99244 ; And) eee 


will be 10368: Whenes the equation, x=19644—7 
may become, Ai 29014—7. 
5 


| "0" 


wt LAVA OO » HK DD 6 tv kt 


* 5 —2— 
Fen AP FF —x | < 
mg A 2 =) 4144 


S> 1 walls 
g=1; = — 3 14, Kc o, bas 
= 2; x=18640+2; 27 4, co, has; 
zii 18633 T3 ¶◻ν 6, KC o, has 6 
$=4; $=18—22z; x==1 86262; 2—7 9 , o, has 8 
ea 18619 CK; "2113.&—"0,hast 1 
St. Ee. 1 e. "33" 5" Ee. E. 


ME mende be bag us the abfolote number in the va. 
— of x continues affirmative) the number of anſwer, 
which reſult ſrom the different aſſumptions, of «, wil 
form tbe two following arithmetical e Fre 

1, 6, 11, 16, Cc. And 3, 8, 13, Ce. 

Now 18654, the abſolute number in the equation, « ex: 
divided by fer ſeven, wil 
goon . 26648. : Foes therefore the number 7 can be taken 

it but 2664 times, and leave an affirmative re- 
mainder z whence in — * n 


— 


„ ee ef 


let by =2, Then 25 3. 


1 REPYPOSIT ORT. 25 
N R &= 1 666d · 
266613328 · 22zx=2- 8,2—=36664, „& 8,665 5 · 
2667 13333 -ν0 6, N= 15,6651» 
2668 =I 2338-2 u, K 223236569 „& 22,6646 · 
26609 15343 = E 2955 557 i œt-29.66 42+ 
&c. Se. "32 "Ve. * "Fe. © Oe. Ce. 


Which Series is to be continned to-{4144— 2664 =} 
1480. Terms ; of which the laſt follows, - 
T — 22; K 2 10354 3 
10359. — 10354, & has 4 values. 
Hence when the reſulſt —— in each caſe are 
combined, we may conclude that 1332 terms of the pro- 
greſſion 4, 14, 24, Cc. and 740 terms of the progteſ- 
non 13315, 13297, 13279, c. will de e of - 
anſwers required = 8869788 + 4931360= 13801148. 
The following met of olving this queſtion will 


prove the above, and will ſerve as an introduction to N 


what follows, concerning 4 iadetermined quantities, 
_4—i$SOL'UTEON: u. 


In the equation 5 x +735 +9z=93256, 
When x is 1 Then 8 x ＋ 7 =(93256—=9) 93247 


\ 


0 TEES a Aae . * * 77 - 
1 127 — 8: | 
f — " WY * ec = 2 m 4 = * * 4 WW; / Q wee 2, 4 
: . | — 
2— lO: ee: ad 
EY 155 e 
. ener 


Vor. . 8 n And 


as '  MaTazMATKICAL 


ad 8 — — =) 18648 Þ 7: 


Where . hes, 


Hence when = 03 y=1 ; x = 18649. 
-i. x= 18641. 

Se. &c. 
=- 2662; y=13311; x = 14. 
$34 26633 y= 13316 a= 7. 

And, ih * the queſtion e anſwers. 
| 15. hwy, — ee 18647— 904 


* 


And 85 8 
Let n 
And 12 1— 27: 


cr wr tod185 67 4 
Wende y= — h 


— 


And | bog mom me -) 18649=70; 
Where 4 and, a (> 9 ae) 


Hence when 3 en ttt © WET. 8642 
And when 226647 y=13320<1=13319; & i. 

Th. when _ the queſtion will have 2664 anſwers. 

"Vion * = 3; Then 5x+7==(93 256-2725) 93229. 


eee eV. 


: 7-0 P0314 Ton 
=; ; Then 2:9 =4 == 4,03" * 
. (Sx gle 4 


Let 
And 
Let 1 Then - =2 73 — 


And ber ba 186437 
Where 114 4 2863 4: b 
Hence when 5 =0; y=2; And x 186433 


+ ==2663;7==(2+133158)1 331732==2e 
Thi when  £=3, the queſtion admits of 2664 anſwers. 


| When * 22 45 Then & (93256—36=) 932200 
Therefore * = [= — 2 


Let | =, Then g 


; And | Inf =) 2r +; «7% 1 


let N 8. Thea 2 .I 
enn N N 
En 

And | = =) 186 „ 


Where cos Ad. . 26634 


Hence when 4I= 333 = $3 x =(18644=720086g79 


- Tb» when 2==4, the queſtion admits of 2663 anſwers, 
C 2 _ Whey 


$5 = 2663; y=(2663X5=) 133153 x==3+ # 


$ 


NMT A e 


* 4 
o > * 
18 ; 


When i Then ge (93256=45=)93211+ | 
Therefore * = M rn. pt: 
Let r=—=2 = , Then 23=1==5r, me 
18 17 "4 — 
y= wot =) —2r +=: 
Ras | | 
rine i Then autor, A 
And * 221 27 10 
, — 71 —— 1 4 5216 
1170 = een 
eee ha f » — 2 
n r =) 1864570 
OIL ee 
Where _ arts nds n =) 2665h- 


Hence when = F 186383 
8 663355{2663X5=2=)133 135 
Th- when - 5, the tion admits of 2663 anſwers, 


= 6; Then e (93256548) 93202 
T1 . ha =(2 N=) 186 LY == 


Whence (proceeding as n 5 
858 1— 53 


And 3 eee £257.) 18639474; 
Where © 8 == 23. 


i 


Au therefore, when = =6, . has 2663 values. 
2 - | - . c , FITS, When 
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When 25 Then rob y=(93256—63)=031 9: 93* 

Tb. * e 2 i885. {A 
And leres i ths fe manger aa when $225 8 
rn. ; 


And eee) 12545. 0 


1 LI 


Where = eee rt 


ionen 


When ==8; Then Gib 


Th. 5 Vi WD =)18636—; T z | 
And: y are the yo ws when =) 
15% SEE eee 25 
And. ene eee 
ee es 

—.— — 
wee 185 ee =) * — 

1 4 2 


When = = Then 3 bes. d 175 
Th. (me, e 1A 
_— y= eee, e 
a eee 


44 81111 33 


Hts o: 4 be "_ Dem 


PIETY Y : 


When &z =10; mee. eee 
Th == "= | =) 18633=5+ =" 


C 3 l 


i 


9s . MaTWiWaTiCAL 7 
Where g=51=2 F bn 


And” 1 28636 = 7 92 | 


Where t-; d — == 2662-4: 


bo. \ From. the above operations it is OY that the 
ſame equations, expreſſing the value of y, recur every 5th 
proceſs, 5 being the coefficient of x ; and that the corre- 


ſponding equations, expteſſing the value of x, differ only 
ENS EIT n : "EE 
* ö 2 4439 i 
64 151803945473; 

; op: 
f 18621772 
x=18612+ 


And K wil be, 5 
Siege N e d "= 


This wok Rita, Mere, is — 5 of 7 arith- 
metical progrefions, whoſe common difference is 9, and 


,. 2 ala, 


T 


2655 · 
Ee. 


And the 2072 term of the ſeries will be, 
19357 JS 10-75 5A 13, 5 has 1. 


n 


And the 2052 term of this ſeries will 8 


- = 10368; x=4+77 1 bas 1. 


And, therefore, this whole ſeries i is compoſed of ſeven 
055 eee as the * 


_ 7 12 4 % 5 . 
* 4A * 


YA C4 n 


— —— — — — — 


A 


19 x=1 861775; ol; 2659 · 
ö 


geflions, ſuch as the former, 
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Values. 


P et, fe ane: 
* 2 28562. 


110 


If — " a=1$644—76; 
= 9 [x=18635—753 
"$==143;|'©[x=1 862675; 5. 


'_ k=29;} >|x=18599—75;] + 5 "32657, 2656 
zA iso- | "22655, 2655 
 =39i[ ph ie oe Ae. ; 220544» ; 2654+ 

Ec. \ ee. © hs, e. ; Ce. 


ae term of this fare will be 


24; || jx=18608—75; 8 Fi 2658. 


2 103541 = 14—771—4, chas 1 "value. 


But if another term be taken, the value of 7 will be 


3 nothing, For if 


ks * > 10359 e ee or wt 
Therefore the whole ſeries may be n 
„ ee as the former, 


* 7 
1 x 
—— — * . 
89 * t 4 * CY * l 


. 
” # 
* 
8 2 * . = 
— $ } 
- 
GS 2 — 
: 


a= ** s] 226637, 5 has 2663 
| -- [x=18636=75; 26825, 2662 


* 186277 L266, == 


x=18618=7 ;; 177265 2859 ⸗ 
x=18609=75|[) Se! 25858. 
x=18600=7 , * "326575, © 2657 
2185 I-75] 26555. 2655 · 
0 2 4 2265 44, 2654 
1 2 1 . De. 

And the 2071 term ofthis b will b 


4 =10355; X=15=75; 5 24, 5 has 2 values, 
u- dr l= And there 
ſore this ſeries conſiſts alſo of ſeven W 


rds er 433 
Now the ſum of the 7 firſt terms . 6,1 1, Ce. 15186243 


of the progreſſionagrifing when 
ditto © "eG 7,12,&c.is +8618; 
gun An: CS |: - 5533) 8, 13, Kr. is 196 19: 
1m 4 ito. ,. =, 9c. 186135 
"find 1 13 l REST — — 
Therfor the OP en i 93088: 


22 eq e 


© And the whole number of anſwers, which bs be given 
to the queſtion, are comprized in 296 terms of an arith- 

metical progreſſion, whole greateſt term is 93088, and 
common difference (35 x'9 =) 315 : 'The ſum of which 
progreſſion will, upon ' computation, appear to be 
| W eee 1 n 


-COROL L * ws I 


As in thoſe equations, which have but two indeter- 
mined quantities, it ſeems ſufficient to point olit' à few | 
 anſivers, and to determine their number; 'fo' in thoſe, 
where there are three indetermined quantities, the queſ- 
tion may be confidered'as ſolved, ay ſoon 'as the "arith- 


metical progreſſions that contain the number of anſwers 


are aſcertained ; Now, although from the different me - 
thods, by which the ſolution of thoſe queſtions has been 
attempted, it appears, that it will be difficult to deter- 
mine, .from the given equation, without ſame, kiad of 
proceſs, how many ſuch progreſſions will be neceſſary 8 
yet, ſrom the laſt method, we may ſafely conclude, that 


their number can never exceed the product of the coef. : 
ond 


+ 1 Ko % 4 m 
SPonftoos? 1 e 0 a. aa. : * * » * K 11 _ - 
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ee r 
* be ſolved by the joint application of the methods 
above delivered: That is to ſay, by ſubſtituting 1, 2, z, 
Ee for that indetermined quantity which has the greateſt 
coefficĩient, and then applying either of the former me- 
thods to ſolve the reſulting equations, in which there 
will be three indetermined quantities, as will be hereafter 
en. te M4 

Senortun. — before ora Pearl 
pies ſolutions may be moſt readily dome at, in ſuch 
queſlions Shich have but two /indetermined numbers, 
they will affiſt in finding thoſe which are eaſieſt, when 
there are three numbers not determined. 

Mr. De. Aiei ure, in queſtion 6, has aſſumed the del. 
ficient of 2 to be the ſum. of the coefficients of x and. y, 
and therein has given the eaſieſt caſe. poſible, and the 
ſellowiog queſions are introduced to ſhew the effects of 
2fſuming forthe coefficient of & a e of 0 coef 
Ha eee n 


FL \ QUESTION . 1 


0 many different anſwers in ad wall 
WI 1 ＋ e lach admit of 


80 LUT ION. 

hs 1849 —53— 2 —2 
FOR IH - | 7 W 
45 Let 


"Wh xo Ttoky." 35 
Let r= — 2; Then 3 2 * 


4 * 
1— 47 — . 
: — ö "Fr — 8 * 
Ta abe * 94 | t MU BI 7 
Let (= Thang ent es = 
* 


Th 12121; 


= een, 


Now in an eſe the ries of are in limited bythe 
column which contains the value of x. | 


en 45 3 Values. 
If u bi- 5 1288 21 n 
1=2; = - 3 z;.3= 6—1== 53 be 202 
$==3z x==603 — 3; y= 9—1= $8; x has 200 
AIX = 598 —3 2; y= 12 — 12=11;-x has-199 
Ec. Se. N Ce. £ Sc. 


Therefore the values of = make three 2 


progreſſions, 204, 199, 194, Ec. 202, 107, 192, Ce. 
and 200, 195, 190, Ge. And becauſe 5 —J 103, each 


rogrion will cnt of ("7 eee. 


. * — . , k 
- * „ 5 
4 * 1 . + ih * 4 4 N = 
* 1 0 * ry 4 = on? * : * — 
% 
. « - 9 * R 
of ” 9 ;a-3 ® > 4 * „ a F* F $ . 
* * 
: 
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How many different anſwers, in affirmative integer, 
_ will the equation Tie u 


— teren: 291 


$0LUTION 
_— Ser 


. e 1 3 Then 3281-25-25 


\ 


Ty. ü n= 1— 17 


e 25 


— 2 
I = 
— 
Let ==; Then z mr; 
Th. 212 Z r 454-216 007 de amel 
— 
Een X 1— 27 
453 "3=( 3 — 3.——13 
— — 


And = 3 3849 ark tack 5 moos, 8 


1864 — ' gen * 


oy | 0 =) 619-5150 


Where . 
put p = T, er punt 
"Fhen x = 618 —'5p3 FR. 
"And = tz 182 Ren 


wer- ( 0) 153 4, and - 14, 


So that p will have 122 values. 
And the values of æ are all Iimitted by the dane 
which contains the values of y. 


5 * 


If 


- 3K®zrosttORnY.,'/ 


; « 87 


If a; 1 eee 1 — 2 has 1 value. 
$=3z x=618—15=603; y= G— IE 1 ditto, _ 
. 43 x==618—20=198; I- * 2 values, 
2 bi- iii , 3 yalues, 
Fb x==618—30==188; z==17—42; A © 4ditto. 


p=7; x=618——35=183; =20-—4x; 4 ditto, 
Ee. Fi Sc. A | toe. 


| Here the number of the values of x compoſe 4 Eik. 
metical progreſſions, two of which are equa}, wiz. I, 4s 
9; 10, Er. 1,74," 7, 10, We: SY 8, 11, Ofc. * 


3, 6, 9, 12, Ce. And bernd S 30 8. the two 


firſt will conſiſt of 3 1 terms ; and the two laſt of thirty. 
Hence, Firf, In any queſtion of this kind, if either 
of the leſſer coeflicients will meaſure the greater ; the 
number of ari reſſions, neceflary to its fo- - 
lution, - will not exceed the number by which the faid 
leſſer coefficient meaſures the greater. _ 70 
Secondly, If in any column, A or B, exprefling the va · 
lues of x or y, the coefficient of æ be greater than the 
common difference of the progreſſion, whereby the ab- 
ſolute numbers encreaſe or decreaſe ; then two or more 


of the arithmetical progreſſions, exhibiting the number 
— 1M 


— the corffcieits of -y'abi'x hho 
ſd aſſumed, that if they be ſeverally divided by the cocf- 
rr 
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QUESTION M. 
"How many different anſwers, in affirmative int 
will the equation 3 K 574 172 1849 admit tof? 
* de 8 0 TI 0 N. rn e 


Her — E= 9616 * =; 


9 "I | C 125 ' 
$ \ + Wees, 2 150 i 4 ? 


Let r re 


"Th." 5 LEED LAS — in WL N 


118 


1 1 Then 2 7 


255 A 
*. — D 0h el e "0, 


| Or = — 


Wh. c 35 ee {a 


* 2437 wore TS | 
5 


bf PRs em N value. 
4523, r O-; 5; & has 4 values. 


| $283 3 a5=603=4z; ere. 
&c. Fe, c. Fe, 


» 


erte nes sel 2 6 


Hate 8—4z; Andy=365—a; Shas 1 
$=121; xX=13=—42; y=362—2; K lug” 
le iS y=5359=243 4 
$=1194 a- J=356—23 K - 5 
=118; x=28—4zz _ y=353=—2;'s 6 
$=117; #22334; _ | j=350-2; & 8 

S. Se. p . ee. 


Herb thi ebene b s the nee ee 
1, 4, 7, 10, Cc. only, for the numbers of the values of 
* ; but the column A produces the four progreſſons fol- 
lowing; win. 1, 6, 11, 16, Oc. 3, 8, 13. 18, Sc. 
4, 9, 14, 19, c. And F, 10, 15, 20, S 

Hence, when the two greater coefficients, being ſe. 
verally divided by the leſſer, leave the ſame remainder; 
then one of the columns will exhibit a fiogle progreſſion 
ſor the numbers of the values of x, while the fame 
are limited thereby. 


"1... -QUAETION, 0; 200; 
Ie is required to find what number of different an- 
ſwers, in affirmative integers, may be given to the fol- 


lowing-equation, r. e 1 
100003. 


* 
- . 


$01UTION. 
Here (followiog the method uſed in the ſecond flation 


8 8). = et 
” 1 s e 524 ee 
Th, eie e 


u 


* 


MT 


= Danese 


. DS; Then 2 r= | nn? Cunt 4h 


— « = * * . 
2 | o Jo 1 +4 = » ; * L 
Y 


Tb. Ii 275 n e 


SE | 2 


FH = Wn mags Wen 


303 g l Sd 


S 22 eke . 


— 


hace cates y= a db, it is: evident, 
that if - be nothing or affirmative, y will be negative: 


Let therefore eee Wer 
doch æ and. y; And then, 5 Kb 300 1 
5 en re, of 23 vd bofielt rer 
4d * 249985 —z3r—2; - f 


Th. = oz And Ane hee 6667 


ieee wat : a oben 4e 
If r= 1; x= 49982—x; y=3—z; x kd values» 
3223 x= = 69979 —6: J=$q—2; K 4 
1 33 X=4 —; = T9 mY 
CO A e 


alle: £5 ö 
Zr 166613 x =2 — ;.5= tee, ee 
r= 16660; x=5 — 2; y= 33321—z; .:4 values. 
r= 16659; ar 33319—83 7 

Ee. ee. Sec. Oe. 


Nom, in order to find the number of terms in which 
the value of > is limitted by the column . . | 
Let eee — 1 
"And - 


* 32 49979; Th. n 999, e 
8 There. 


* 
o 


; 
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Therefore the column B limits the value of æ in 9996 
terms; and n+ is, bean. 9996. . 


terms - 


118 * * ＋ 122 


Let e eee, 
Th. 2 100003 — 60 — 3 52, FR 


„ =( len- * = 


Which natal being ihe five Kh MES" ö 
Th. ee eee as in the former ſubſtitution, 


2499703. —&, differing from the former byi5. 
ces And' (<= =) 166569 


"Now when r=1, or 2, or 3. Ce. x has 2, or 4, or 6 
values, as before, and if Tots 
2 16656; x=2 = 23 3=33313 = 2; has 1 value. 
” = 16655; x=\ =2; 9=33311 +2; has 4 values, 
12 16654 4K — 8 — 3 2 33309 has 7 ditto. 
Ce. 8 er. Se.. . | ' 


Alfo to find when the column B ceaſes to limit the va- 
WY 5 — 


499% 3 +2 3; leon 3% 
3 522 49964, eee 99924 


Therefore the column B limits the wiess of in 0993 
terms; and the column A in (16656 = 9993 =) 6663 _ 
terms, ; | 22 | 6% "LEP cds $ 


bf 1 - 
| . 181 6 _ wot , 
— 9 4 ( 
— 4 « 


. S =o 
LY 


oy — = FP " =” a 
„ © # 4 - 
* Y „ 
9 . * 
9 | ; $# 
« - ” 
1 9 = ” 
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be above kinds of procets be continued, by ſub · 
flituting 3, 4, 5, Cc. for u, das. cetera 


arm 4 ebe 


282 e Den 
* Then the two arithmetical progreſſions which contain 
the number of the values of z will, wen 
2 35 S_SI1&8 
*, = Bl 3322 3482 . 
3823331 2 5 EPS | 

44, 12 3330 be bed :9: 710 — can — 
22829 | 12 IF 59 9 285 
2 3328 15 5 8 998 

— CEC 
&c. Ee. | | Ee. 5 


3 


4 
181 44 44 


Which may be concluded, without making tbe ſubſti - 


Ens, 33326, fic. terms of the 
- above given progreſſions. 


Nowthe| Terms of the arithme- 3 
"fum of } tical f n e 
0 RR ＋ A 8 ＋ o i 011 
7 2 2444-6; =12z +1419} 
5 [2+3+6Þ+8þ1þ12;=12+30; 
9 }z+4+6+8+10, &c.=12+ 3048; 
12 }2+-45+6+8+10, &c.=12+304-484-66; 
#27 15 T4680, C. 12 ＋3 
1 &c. 


a $4 2339s 


J . E 
* 3* 11K »- 1 180 a 1 
Os * o 


12430 


- 2 3 
\ * . 
, . * 
rern C * — 
hy Cy 


Again the famof 


[5 


% 7 


2 — 
- 


12+3045p48 - 
1273 2 —5 59 
1273 T48 nen 


* And the ſum of 3333 terms of 4 "ſeries, whoſe firſt 
term is o the fiſt of its firſt differences 12, and the firlt 


3 N an 


ROTO. 
Hs Kees aa ef ee whoſe ſecond 
differences are equal, 48 appears below. 3 


a Differences, ad Differences 


43 


* 
* 
W : - 
= . * 
- * 
& ® 1 1 4 
LS bf 18. 
* 
= * 5 4 
* 1 * 
. 
= n . 
De. in 
Ll 


+> 6 
; 8. 


8. 
Fe W 
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And the ſum of 3333 terms, thereof, will be 
$933x14+ — — Wee 


IX Xx! 3 
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is the ſame, the ſum of them both will be, 3333 0 
e + EDEN . 


That is 160190378249 3 728 


From the above procrth, it appears that it would be 
been more convenient to have began the ſubftitutia 
with the greateſt value of 2; | becauſe then, the leaf 

terms of the arithmetic ſeries, whoſe ſums * Re 
would have e 1 


„ 


1 "EX \ uo << + : + 
© © X£ oy 


QUESTION XL. 


1 ( 12t there be x ſeries formed in the following manns 
Fe wie. Let the firſt term of it be the fam of » numben 
, in arithmetical progrefſion, the ſecond term, the ſum d 
„ + number; | the third term, the ſum of 2 þ 23 
numbers ; the fourth term, e e er er 
of the ſame progreſſion, &c. nn, 
- of this ſeries is required? 1 15 


D 


| RSLs LIP, progreſſion bs wakes 
by «, "_ dd opt a + 3 Ec. r » 


» terms of 6, a +6 we. bows + 4 #4 - 
$819 5325337 | Font P2039} ody ban. , 
So = > 
% 7 BP * " ( 


n "i 
ph terms thereof ng-+ ma + =. 1 


The in diferences of which And their fanand. ©: 


- x 1 . 1 
as. * „ Sc. * * — ˙ ˙eX—ꝛ + | te, * 
Ee. C, c. 


And therefors (by Queſt. 5 2. Part II. Vol. 1) the 
Nee 


OC ©... 2 — 


r - x ma — cx 


r 


- 


als 17 he arithmetical progreſſion be 3, 5, 7, 
9, 11, 13, Sc. and thetefrom be formed a ſeries, 24, 
48, 80, 120, 168, 224, 288, &c. by taking the ſum 

AT: - of 
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of the four firſt numbers for the firſt term, and for . ! 
remaining terms the ſum of 6, 8, 10, 12, Cc. numbei 
of the ſame progreſſion. Rota e ] 


apa oth reg 


2+—x6=(27 +20 =). 47% 65 


8 And106436=136; Laar 36x7==93 
The ſum —— | 


% 7 QUES:T4ON' 2..." 
| How many different values can x, „, & and « hare 
e 
+ 143 «= 97306 


Method of SOLUTION. 


Here «= 633.45 . „ iy 
If -» = 6384 Then TL 324==91 306 
Ox "% ENDED = 705 


=. 


Lt ute, m 


Fa 


Let 


5 | * 
eee 47 


ED 


pam 2% 
nn 1 22 - 


Si, res 
2 akk Ole 


And x=24—55—82; 
And pmeting =6—23 Then y=3þ— 22; Where pC. 2, 


And - Wham A”: = - = 


1 6 Andy= 3 Gs 
p=23 x=14—32; = 6—22;2, 218 
37 X= 9-32 J= 9=—=22; 2 4212 
= = -r ͤ al 1” 

18 

| Where the values of t are limited by each of the e. 

lumns A and B for two terms. | 


If == 6375 + EG 


Or 3x +1988; 215; 
Whence r. n 


+= DE . Then 2=2=2=3r, 5 
The r. — 
| == 


dena, a Cn And 2127 


mas Ee 


And 


4 
F 


wes: MAT AA T1647 a 


Abd x=(= „ x 1 * 2 


| Wherein (putting =) there ariſes 
”= n . 


If = 13 N And y= 422; 2 has 1) 
= 60 „:; 5 t 2 bs 3 
= 33 zz; io; 2 has 4 

4 ; ow 43 #Z=50—32; i327 , has 6 
„ 5; x=45=32; "Jin6—223 z has 71 
= 6; lo-: ig & has 9 
$= 73 X=g5—3%; gy==22=24; 2 has 10 
8; a==g0=32; © yJ=25—22; & has 9 | 
f= 9; #=25—32; ' y==28—22; 2 has 8] 

i p=10; X=20-—32 3 | zi. 2 has 6 
"ern; X=15—32; z & has 4] 
lz, x=10=72; J= 37—22; L has 3 
— — * 5—3 2  $==40=22; 2 has 1 


Where the values of ⁊ are limitted by the column] 
for 7 an; te a e 
terms. Bd, er ee 


9 228 — 
ere tins ts — 1 . 


If « « 636; Then 3 ee tees oY 
or. 59 Pg grgemgg; | 
| ve eee. 
893898988 * 4 — 8 
kak | Let 


— 


V aiuocs, 


wah ee Lv. 49 
| it 


_——— 


Let r=" * Z, Then 2y=1=—2—3r; 
lun g-—gy 1222 
1 10 2 =)=r+= 27 


e ; Then 25=1=—2z—x, 


2 Pro 


ls nad If 2 5 ele, 


2 
* „(AT. grunt; 
Laſtly — — 3 
Or a= (Wim 0121-61-62 


Where, becauſe x has different ſigns in the values of 
x and y, let us ſubſtitutes =p —z; 


Then x = (121=—=5xj>2—82=) 121-5532. 
And y={3xp—2+z-12) 3 —22-—1: 


Wiere pin 1; Andy 32343 
And there are 22 values of in the whcle. 


If :; Then x=111=32; And y= f= Zhas2) 5 
$=3; x=106=323z = 8-2 Shasz > 


f$=4; X=101=9R; J=11=—22; Z has 6) > 
&e. e. %L. Sc. Oc. 


Vol. II. 


7 
+ 4 : 
: P : 
1 * K 
= 


Therefore the values of 2 are limited by the column B 
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If p=23; Then x= 6=32; And y==68=—2z;, Zhas1 


S227 65-2; Thas 3 9 
p=21; - A=16=32; bi- Zhas5 — 
g=20; i-; y=59=22;, zhas6J 
* Se. 8 | Ec. 
Ile 125 17-3, Orz22—10a=15 +98, 


Or 2232—1 5 ton Tg; 5. =() 10 1 


for the firſt 1 I terms, and by the column Ain the laſt. 


If * * 8 =635, Then e 
"Or 3 ＋ 5y + 19z =501;. | 


wi 167—7—42— 2 


And, by proceeding i in the ſame manner as * 1 was 
aſſumed = 28 38, it will appear 


That J=3 $ I 2 3 
* = (EE 


3 
Or, putting 5s =p — x, 


y=3þ—2z; Where p C 3; 
And i - And —( 2 2.— Sher. 


=) 167—5—8 : 


* Here it is evident, that the value of y (and the leſſer 
limit of p which depends thereon) are the ſame with 
thoſe found when # = 638; Alſo that the value of x, 


here found, is greater than the value of x, when 222638, 


by 143, the coefiicient of #; And conſequently the 
$4 greatcr 


oi 7 
. 


S.. of 
* 
1 
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preater limit of p exceeds the former, by (==) 
28 4. 

If p==1; Ther! z=762—32; And 5=5=2x; bas 1 F 
P25 * 15733 v6 — 22; bas 2 9 


zi iz = J=9—22; K has 4 ® 
Se. Ee. &c, | e. 


If =32; Then x=7=3z; And y=96=2z; K has 2 Rt 
p=31; xX=12=J2; y==93=22; Shas 3 3 
zo 5 . 73 _J=90=22;zhag | > 
$=293 * 2233 Jy=87=22;% has 7 
Ec. Se. Se. Ee. 
Hence, ſo long as che values of z are limited by the 

olumn B, the arithmetical progreſſions, expreſſing thoſe 

ralves, are the ſame with thoſe which aroſe when « = 

633, the number of terms excepted, | 

Now 162—c# LID: 


75 * 
Dn... da d dosen Th 9 164 

In this caſe, therefore, the values of z are limited by 
he column B for 17 terms; and for the remaining 
32—17==) 15 terms, by the column A+ 


; Or 324—10n=9+92; 


14 4 0 


de coefficient of x) it may be ſafely cc neluded, that 

when u is 632, 629, 626, Sc. the expreſſion of the value 

f will always be 3 — 2 &, as in the t vo eſſampti- 

dos above quoted; And the exprefiions of the value of 
will conſtantly differ by 143, the cocflicient of u. 


D 2 


Hence, 
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Hence, when a = 632; Then 


If; a==305—3x ; And y=3—2z; 2 has 1} , 
Fi; x==300=32z;z —y==b—zz; * has 2 I 
=3 5 X=295—32; J=9—22 z has 4] > 


Eee. | Oc. Ec. Ee. 


When a 2 = 629, 

WM p=1 ; x=448—32; And se 2 has IF 
f=2 3 X==443=—3z; J=b—2x; x has 2 55 
Z x==438—3z; J=9—2z; S has 4) 8 
&c, Sc. Ec. er.. 


And, therefore, in all the aſſumptions of «, that ar 
contained in the ſeries 638, 635, 632, 629, Ce. th 
ſame arithmetical prog re ſſions ſhew how many values 
z are poſlible, when thoſe values are limited by d 
column B; viz. The progreſſions 1, 4, 7, 10, Cc, a 
2, 5, 8, 11, &c. But the number of the terms in end 
progreſſion are different in every particular ſubſtitution; 
Thus, when «= 638, there was but one term of exc 
rrogreſſion uſeful z when « = 638, then, becauſe ti 
column B limits the values of z for 17 terms; Wa 
9 rn and 8 terms of the ſecat 
are uſeſul. 


It: remains to find the ee terms that will 
uſeful, in the ſucceeding ſubſtitutions : | 


— 


28 2 
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Wien za, Then E , 


Th. G610=10n = 9-91, 


Or 610 — 9 =1on+gny * 
19 | 
12 


That is f 31— — #, 
rk. 


Therefore the column B will limit the values of æ for 
z1-terms, after the firſt, that is for 32 terms: and, con- 
N there will be 16 nds each progreſſion uſe 


©, \ x 


© deb the laſt proceſs, - i that uſed when 
635 was ſubſtituted for #3; it will appear, that the va- 


le of» differ by (4% = 10 ) 1516 which 


will alſo be the caſe in all ſucceeding ſubſtitutions for , 
N 
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34 _,. 
Therefore when | 
u=6385 15 11 8 2 I 115 
u=6353 n= 1615 E 17z] 9 = | 8]*® 
u 6325 1 3143: 8 32; 165 1618 
26291 n= 715 42 v1.47 24! © 23 9 
e Ire | 311” 31 
235 n= 763383|-2S| 77:] | 39] © 8] * 
hw th = 155 * Ah 4; ＋ 46 4 
#==617; #=106432;] S Nj107; 2 * 
#=614; = SS 1228 bi X 81 E 
#=011; #=137 F £1138.|S| 69 SE 69 * 
#=608; a=1 52753 8 — 153 E 77 S * 76 85 
#=6053 IG l168;j6= | 8412 | 1844S 2 
#z=602; IGT Ss 1833 92 fl. 9 : 
#25599; i % |.2. % % 99, E A 
#==599; 8=21235;| 8 8 [213] 10% [1 | 
#==593z #==227495| & = [2285] 1408 114 5 
#=599; 9=5242755 þ 5 51243} 1122) 5 [121 | 
25 257155 2 2587 129 5 129] 
#=584; n=2724; 2 -| 7331 137 E 5 N 
2581; 2287 81 mY 1 2883 1144 , 44 | 


Sc, Se, Ti e. Er. e 


* 22 0 thi — "fabllituted" for 25 Ae r by 
(3x19=) 57, then the number of uſeful terms, in each 
of the arithmetical progreſſions, which expreſs the values 
of z, will differ by 143, the coefficient of 2. 

That is to fay, when the terms of the ſeries, 638, 
521, 524, 457, &c. are ſeverally ſubſtituted for u, Then 
both the arithmetical provzreſſions, expreſſing the values 
of K, will contain 1, 144. 287, 430, Cc. terms; when 
tae terms of the ſeries 635, 578, 521, 464, Ofc. art 
ſeverally ſubſtituted for «, then the arithmetical progreſ- 
ſion, 1, 4, 7, 10, Cc. muſt be continued to 9, 152, 
295, 438, Cc. terms; and the other progreſſion 2, 5, 
8, 11, Se, to 8, 151, 294, 437, Ge. terms; and fo 
on for the reſt, | 


Now, 
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ric = $0300 e 3-34 SEAT Ras il 
Now, becauſe (==) 11 57 the four firſt of thoſe 


1 dil „ — id 


10 terms each, all which nay | be OT ſummed by 
Wt, oe <7 05H 5: 


- "> 


9 


progreſſions be added together, and they will compoſe the 
progreſſion 3, 9, 15, 21, Sc. Of which the number of 
uſeful terms, in each of the ſubſtitutions for 1, VIZ. 
638, 635, 632, 629, Cc. will be balf the number of 


terme, for Which the column B limits the values < . 
4 


via. 12 16,57, c. Or, |becauſe 1 thefs numbers de- 
pend cpon the rf e which have been proved to 


t or . we may take the half ol bas 


OE 143 gr the difrence of the number of a terms 


* OE 2 
ence, all "the 8 DENY 85 mo RY can 
Bs Len che terms of the feries 638, 635, 632, 


be uſeſul. 


» = 


the values of x are limited by the column B, will nearly 
conſiſt of a ſeries formed from the arithmetical progreſſion 
3) 9, 15, 21, Se. by taking the firſt term of that. pro- 
freflion, for the firſt term of the ſeries ; the ſum of + 


19 


lia; the . of I * 2 "ws terms of that progref 


fon, for the third term of the ſeries, &c. wick ſeries a 
ſummable * Queſt. 13, 


24 17 


Or let the reſpefitve/ te terms of A two irithmerical 


Ee. ate ſeverally ſubttituted for 1, and the number of 


143 -2 terms of that progreſion for the ſecond term of the 


paits-6f ſefies confilt o Mg and the other fifreem of 


* 


PD 203-3 yJ= J—iz; 


* 


56 MATHEMATICAL 
Wa=6;4 Then 3 x+55+ 19z+g0662=91306, 
Or 3x+53+192= 644; 


Whenee x= —_ EY irgg— 6+ EL, 


| Therefore, (by proceeding as when 637 was fſubſt- 
tuted for x) z=1 - 371 ub rea e 
Or | (putting : - 
J=YÞþ+i-2z; And x=213=5p—3z > 


(Where = a0 4 
j 2 i456 6d tha with that found 


when 637 was ſubſtituted for 2, and the value of x ex- 


ceeds its value, there found, by 143, in the fame 
manner, as was obſerved before, concerning the re- 
ſalts, when the numbers 638 and 635 were, ſeverally, 


ſubllituted for a | TRAILS © 
If = 11 x=208—3x; y= 4$—2%; q? 


=3; X= 198—333 yJ=I0-2z; 


3 Ec. Sc. . _ Se. 


— 


Pp An x= 832; y=124—22; 
" $2240; X=13=32; J=121——22; 
$=39; x#=18= 32; y=118—22; 
5238 x=23—3z; y=llg—2z2; 
— 4 fn. Ee. 


And therefore, ſo long as the values of æ are limited 


by the column B, the arithmetical progreſſions, expreſ- 
fing thoſe values, are the ſame with thoſe. which aroſe 


- when 22637. 


1 | 
| Now 


REPOSITOR Y. 57 
— gr , Of 416— 10 19% 
Or e The 5 5 

In this caſe, therefore, the values of z are limited 
by the column B for 22 terms, and by the column A 
for the * (4 L—22=) 19 terms. 
Hlenee, there re,. we may conclude, ts his that 
in all the ſubſtitutions, ſor u, that are contained in the 
ſeries 637, 634. 631, 628, Cc. the ſame arithmetical 
progreſſion will ſhew how many values of & are poſlible, 
while the number of thoſe values is limited by the co- 
luma B; and that the N of terms uſeful in each 


progreſſion will differ, by - — = Therefore, hen 


3] 


120 — — — of Fr terms 1 which the — f 


286371 n= 
1 26341 n= 2115 
12631; n= 3645; 
2 1 5179 
2625; * — 66155 
—— n= tf; 
v=619; n= Ty E 
18286163 11 1153 
x=613; n=12 153 


GI, 
* 


4 Terms of the progrethon, 3, 6, 9, 12, e. vt 


2 
wo 


- 
— 


Terms of the progreflion, I, 4, 7, 10, Oc. 
© 
I 


E 
2 


3 
— 


io; 214145 71 3 
2 2156185 E 78 | 3 

604; 1 2217148 86 8 : 
— 186155 


1 598; 201451 
#=595; #=21643; 
#u=592; #2232 3 
u=589z 222 7793 
u=586; n=202555 
#=583; n=2777153 
6. 1 2 2925 

x? | 22 An 


—— 


180 


R limits the values of z. will be 


2 


xe? M-A'THEM AT hrs L 


30 Pe, 


are + wed lubſtituted AN w, and the ke of the 
values of & are limited by the column B. may be ob- 


4 tained, either gractly, or * eee, in the man. 
| ner "above Neun. Wo Frey 
; k , ' er f 3 Y 


Ky That 44-7544 16 no: 06309391 3ck 
aa Or '3x +55 Figz= 797- 
Where * —— 2 =) ee 
W hence 8 as un 636 was ſubſlituted for «) 
4:5 ud x =264=57—Bx; Andy=3;+z—t Or g- 
Troy Sete ee 8 rr 


Where's c — 3 me +  Andp 6 =) 52 TI» + 
Abd 7 27 hays 5 I . 3 Therefore, 5 
i 17 


=2; x8254—323 = $—223 4 ha2}. 
=3; xX55249— 323 J= 8 — 2 has 3 4 
=4z X=244— 333, ii; * bas 5. 2 
7 heh 2 F. | | wh E. 


Test * A- iSi © h] 
© pings; x= zx, if ax; * has 2 
esd Ki- J=149—223 has 4 
© $5495 Sig-zs; e = has 6 

or” Oc. 6 Sc. : Se. * " Sc. | 


Ada here, it does not ; only tappen, 28 * ſo 
long as the values of 2 are limited by the column B, 
the : afithmeticsl progreſſions, expreſſing thoſe valves, are 
the e ſame v with thoſe found when #=636;. but allo, that 
via hey are  liwiged by.the column A, then the pro- 
gen 1 70 greſlions, 


Values. 


"W | | 


Rryonrmonyt 89 

greſſions, . thoſe, values, will be the tame With 
gi found when «=638, which number (638) exceeds 
the preſent ſubſtitution (633) by 5, which is the coef- 
ficient of „ and the commoa difference of the numbers 
ia the column A. Hence, Traded 

Firſt, we may dete rm ine the remainder of the values 
of z, when limited by the column B; in the lame = mas- 
ner as beſore, vin. * 1 


Iagzbözés a= 1:44] = iin | | 5a 
i) = n= = 3 1 1 2. HE 
y=630; #= 41 S | 423, {| 2!]8 | at} s 
| y=627; n= 569% \ "$73 2945 205 
Ser. a= 715 72e 34 
2621 1 8675;] 3 = |: 873] n sn 
22561653 12101153 1 102 J 514? 5K 
12155 211685 177. 3 80 
1226123 1 . 1311 8 19505 66081 83 
1 60; 12146155 2 2 147.8 7442 73152 
y=bobi a 16175 & £ [1623] [ 81 A - |. $4 EY 
126035 n=176153| > [1773 £ 5: 88 8 ; 
a=boos 10 2 21192] | J 
v=5973 ac 5 (2073) e ez 
#=5943-#=221733| 5 'z [2223] [111 % WR Lk LS 
=5913-n=236733| 2 = [2375] [ok JS 
15883 n=2514$| 22 [2523] |126 > 120]... 
#=5853: 22266155 2 12273] - [134] 8+ 13302 
#=582; #35 173k & 2823] f Tails. 
S570 296760 * [2975] %% 8. 
. Se. [© fe [Se] ee] 


ſo And hence, the number of anſwers of which the queſ- 73 
B, tion is capable, when the terms of the ſeries, 636, 633, 
re Sc. are ſeverally ſubſticuted for #, and the number of 


the values of & are limited by the column B, PR | 
root ax deſecs. - 


D 6 


In 
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4 

In order to determine the number of anſwers, when 
«the values of z are limited by the column A, we mu 
fri} find how many values i capable of. When 


638 /C”* 3349 433: Andp has 4 
= n 133; And g has 13 
#6363 PN i SQ 223 And phas 22 
* 63 r 3 75 þ—2 324; And p has 32 
a=6343 /C= {3D 42 3 And p has 41 
#=6333 Cv 7 $233 And phas'5r | 
=632; {QT 53 615 And g has 61 
kn ACT 3-473 7c4; And has 70 f 
bp ci got; And has 179 þ.5 
br 4; $2 $0 Ard phas 89 | - 
dag; cg 45 4D 953; And phas 99 
#=627; 11 3 þ 2319953 And p has 108 
1 26257 p07” he 5 1184; And phas 118 | 
-— w=6253 N= 4; 5 1274: And p has 127] 
- w=624; pon 5 138; And phas 136 
* 623 QC” 55 51473 And þ has 147 
— Wc. Cc. De. 1 Ce. J- 


| Whenee we may conclude, that when for a, are ſab- 
flituted the terms of the- ſeries 638, 623, 608, 593, © 
decreaſing by (3x5=).5; then the numbers of the vn 
lues of p will be the correſponding terms of the cries, 4 
2 290, 433. &c. ercreaſing by 143. 

And, when & is ſeverally equal to 637, 622, 607, 
892, Oe. then the numbers of the values of y will be, 
veſpeRtively, 13, 156, 299, 442, Se. And fo on. 
Now fince the arithmetical progre ſſions, expreſſing the 

values of & (when thoſe values are limited by the colum 
A, and the terms of the ſeries 638, 633, 628, 

| . 


wm ah. 


** 


 R'erosrTORY. 61 
Ee. are ſeverally ſubſticuted for «) are 1, 6, 11, 16, 
We, 2, 7. 1, 1 Sc. And 4, 91 14.19, Ee. 
Therefore, . 


hen 
muß 


 & WE 8 = S $0 * 
oa SSS RIDA 
ne eee eee COUS e DU © 
Eee eee we Wo We we eee wo Wwe „ W+ We wo ws ws 
— — 5 Wen 
Then p— 2, that is to (ay the number oi the terms in 
which the column A limits the valves of x. will be 
S = axAJIKaOanaA LL GwWUHUHUTTSSS _—_ 
Fr Feri 
Wm TE IITY 
+. + {$2 43:5, NN N eons es woes, oe 
dem NOWwWwg OwwuNdgywwme vn Owwnygyg 
& Þ. C098, cow Ow ON ON WH NSN Ov 
- STIFF RAFT THT TRTKTE BY TY 
ns 1 
oo en 
— © 0 mw Sn NN OO Www Dt 
. 
455 Therefore. 

NM enn OY 
> ww 1 NN =» O OO gow Own >. ww ww »H - 
2+ OO = OO — » OV) — Þ OWD + OVD —- 
Terms of the progreſſion, 1, 6, 11. 16. Se. 


reer. 


h — „ — —— 
PEG wt S 8 Ge 
I OO 25 
, Terms of the prog reſſion, 2,7, 12, 17, Sc. Ad 


my oy — — 
us 228389822 WU WH = 
5888289 228 Ss 0 


Terms of the progretiion, 4, 9, 14, 19, rc. wil | 
This i4:*e « be uſeful. | 


Hence,. when the terms of the ſeries 638, 533, 448, 


353, Sc. decreaſing by (5x19==) 95, are ſeyerally ſab- 
| tuted for u, then the two firſt of the arithmetical pro- 


&r eſſions, expreſſing the numbers of the values of x, 
will ſeverally contain, 1, 144, 287, 430. Se. terms, 
and the other arithmetical progreflion will contain, o, 


* 286, 429, Sc. 2 


a 


N And 


62 MarHEZEMATI CAL 
Aid when, for u, the terms of ihe ſcries, 633, 538, 
4hd 348. Ce. are ſubſtituted ; then the firſt of theſe 
alithmetical progreſſions will contain, 9, 152, 295; 438, 
Fc; terms; and the remaining two will, each, contain 
„ 151, 294, 437, Ser. terms; and ſo on. 

From what, has been ſaid, the number of anſwers 
which the queſtion is capable of, while, for u, are ſeverally 
ſubſtituted the terms of the ſeries, 638, 633, 628, Ec. 
und the values of = are limited by the column A, may 
be determined either exactly or nearly, by queſt. 13. 

We might now procted to find the ſeries that wou'd 
reſu}t from ſubſtituting, 637.1 632, 627. 622, Oc. ſe- 
verally for” u; but, as the method above ſhe wn, is 
very eaſy, and a: ſufficient number of examples have 
been given tea; it is left for hy EE pes. 


COROL. 


* 1 


- From the whole it may be cobcladed, that the num- 
ber of anſwers, in affirmative integers, which an equation, - 
containing never ſo many indetermined quantities, is ca- 
pable of, may be found, if the labour neceſſary thereto 
be nota hindrance thereof, by purſuing methods ſimilar 
to the above: And tis hoped, that the reader will ex- 
cuſe the breaking off this queſtion here, without either 
pointing out the four remaining claſſes of ſeries, which 
will reſult while the numbers of the values of = are li- 
mited by the column A, or giving the ſums of any one 
ſeries in figures, as the reaſons of ſo doing, are the fear of 
growing tedious, and the want of an artifice to > Morten 

* operations. 7 AR: 
[34 So b tun. 

. Pr 1 


Rx yo$1roBhy” 63 
Scuol, ; Queſtion 12, the firſt of, thbſe -which- 
cont in four indetermined quantities, is of the eaſieſt kind 
poſlible ; the coefficient of z, being the fum of the coef. . * 
ficients of x and y; and the coefficient of a, being a mul-- 
tiple of all the other coefficients: And the laſt queſtion. 
is of the moſt difficult kind that, can happen, requiring: 


the ſummation of (Y. t9=) 152 ſeries of the ſecond 
Order in its fofution: It would de eafy enongh to | eny- 
merate all the ꝑropetties. which the coefficients of the 
indetermined quantities muſt have, to render the ſolution 
mare difficult than the ficſt; and lefs difficult than the 
laſt ; but as the greateſt part of them may be collected 
from what was ſaid before, concerning equations Which 
have but three indetermined quantities, it will be need · 
lets to add more than the following, ix, that when 
the coefficient of 4 is a multiple of the coefiicient of 2, 
then the number of thoſe ſeries, whoſe ſecond differences 
are equal, will be, as few as the number of arithmetical 
progreſſions would have been, if the wennn had but 
thre lodetenainsd duatiüen 7 2 Wh) * 


: 


QUE S ION XV. 
The value of a terms of te ris g + 
is required. | 

8.0 * U T I O N. 


„ 5, er ee 


Then it will appear that x 1 
0 For, 


. 


Fon if = 7472 +5 I+5 . Be: be multiplied | 


d Sas 0 IX ©, E Lee. bn 


11 


Vill be neceſſary to ſubtrect the value of all the terms 


5 


will bene 2 140 WEL rn 


* {Bro 544. * 
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64 


| Therefore —i the vale wo ons! 4 700 it be in 


Kiel continued, . 
But fince the ſom of ferws,. 1 are required, it 


after the ath term, from' the value above found, 
Now the terms, which follow the th term, are 


—:: . 5 3 
An Se. ad - infinitum, - which 


5 = e 
. 1 n 


* 


e =+= ILY -7», Sc. as above. 


—— 


Thx <= — * 4-5 FA —c-ad nfiuitum 


oY 88 8 
Whence the ſum of # terms of the given ſeries will be 
I I C- : ; 


k pens oh "I 11. 


* 


m 


2 Rx Fos1TORY, / 63 
If the above ſeries be applied to computations of com- 
pound intereſt, that is, if r be the amount of 1 14. in 1 


y:ar ; then — will be the preſent worth of 1. due at 


1 
* 
1 1 1 I 
Then —_— — ry X — "ll TO 1 : — * 
Therefore — will be the value required... (4 


Scuol ions: The given Teries, continued to n terms, 
i ei Lr T U is equal to the preſent 

worth of an annuity to continue # years certain : Now if 
9 be denoted by A then A= 

* When the Letter (n) is 1 — as abboe, after the 


initial terms of a ſeries, it is und to denote that the ſe » 
ries is to be continued to n terms, and no more. | 


* 


— 


Kh. ee 2c xvr 


149. 


The value of 5 terms of the erin * = + =+5 


** 


$SQL U 


£6 _'MaTHWitarrcir 


g 
* 


4 
4 * * 1 N * 4 - þ | 4 
SOLUTION... 
1 1 4 F ab 7 ö ? 
: : Ys 18 145 a - 
» « = 


% . 52 
e 3 4 3 
1 tt; Oc afinfoine 


Then . 


. For if +5 * 1 ＋ * ＋ > COL 


a 0 8 0, Se... 


— —S” n "I LAY — — 


"Therefore. 


Se. * = A+ „ W-- Pn Ted 


tontiaued. 
| Now the terms, which follow t * Cds? in the 


2 is the ralu of the ſeries inkitch 


eee 


Which 


=” 


: RRP QSI TORY!) 67 
Which ſeries may deedivided 1 into ,two others, vis. 


Stet Sc. =. WS hea 15 3 And 


—— 4 222 „„ r 


r 
Ar r 4. S 4 = 3 


Now if ue 4 e from 
the former, the remainder will be the value MEIN 


7 * 1 4 p 
if — —=þ, — —— 
e 
2 , . . . ho e 
— b . 
Or — — <—k a e e 


QUESTION XVII.” 


* — 


The valuc f 1. terms ofthe ſrc +4 414 — 
27 5.6 Sh, required? 5 g 
9545 yt S$010TI0N TI.. 
If 246 2 oy 
Ste. 
Then br 
by e For 


11 
For if 242 5, Se. be mule 


| e F N 


* 
— _— 


—_ 1 5 0 79 o+ 05 e. 

—— — — ZDV—— 

Therefore the giren ſeries infaitely continued is worth 
1: 1108 


— n en . 8 
Now the terms, which follow the ath term, in the 
"ol 2 n+ 3 ert. 


| pot T a. +2 + 22 2 
—_— 4842 55 

oor * r 3 r 7 

Which ſeries may net into three others, wit, 


| . Rx vos 1 TORY. | 69 
Ia which three ſeries, writing 7 for, and fubtraR 
ing their ſam > from, the above found 2K of the whole 


. 8 22 222 
— | Tt 


3 which was required. 


QUESTION, XVIN. 
The value of» terms of the fries, * ot 212 + 
of #5, 04. mt 


$OLUTION. 


r= Ie =+2 27 +54 + +255, Se. a2 46. 
Then be 2s Ve 2 as will appear, if the multi- 
3 ren neee 
queſtions. | 1 1 
But T2 Ee * 13999 mow II 
And T = pgr+ 43 = | 
oy 4 Wepa 13 

And r z „z. | 
Therefore the 7 inſinitely continued, will 5 in Va- 


— 


7 
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Now. the terms, which. follow the th . will be 


. Sc. 4 


Flr 2 may be divided into 4 others, wiz. 
— e Oc. x —= By queſt I5, 


_ x2 ThS IS = Wins — * 16. 


* 
* 1—1 


* 41 0 e 
++2, Se. == By duell. 17. 


| Whence if n We] for — in the abe of thoſe 4 
Rs #1 
ſeries; 2 yu ſum be fubtracted from the before found 
value of the given ſeries, * con * 
mainder will be, 3 , wo e 


Dur- 1+2 -er = 22 2 . 1 


= Fs 


which is the value of » = gy 


| * . % ro. 7s. 


* - 
* * * a 
1 4 * . 


"QUESTION, WE 1-5 


$OLU-T 10 N. FA 


A 24 250 ES, Sc: ad infa. 


Then a r Ir 3 +11 oe +r, 2 by 

mukiplying both des of the,equation by, T 15. 
Therefore the ſeries infinitely continued will 
ty mh — 4h 5 


fl 


p 1 
* >» s © s 6 
* 


Now the term, which follow the ach N will be 
aÞ+1* + n "+2 2 12 ＋ 33 
77 N +2 | 1 +3 7 . 


Or 1+*+ 41 +69* 4 n+ 7” 


FOR Mark | 
| 2 5 eee n 
| F r "2 


teten 
* | 
2 | . TY + "+3. G 1 a 029:47 


Ma'TtnzmAticaL 
Which ſeries may be divided into the five following, vil, 


4 4 
2 x2+2, . -+ e 22 * — By queſt.1;, 


wi 7 72 fl 
— . ＋. — += Der — „ = Byqu: "N16, 
Ip Ms ha OP 3 
9 = Gab | Fixer 
F I 
N 
— 1 
ro I 
T7 orbit 


SY 


Whence, if we write p for >, and ſubtract theſe ; 
+7 

Sidi em the value of the given fries, infinitely cot- 
inued, there will remain you 


* A . we . | 
1— x 1x | 
| 0 | 71 —15 
( = 48x = | 
| 1 1—1 PI 
2 of « terms of the required ſeries. 
Conor. It we put l P; 2 2 uy 
| 1 yo i rl 
Ip4r* uni. 
N s 7, & 
| . 7 15 FL. 5 nee y 
1” 20 


then may te lan f- terms of the ſeries _ 7 7 


Ls ft 
kw 


ol 


1 
- | 3 


A aintöl t 1 73 


+; "© er erat eee 


„ * UT pxR= 
=, ee . + 4 2.0 
L | : 1” 


Where z fignifis the ba ofthe eres 2 + 27 2 


2 8. a b. ; : 


gc - S * << 4+ Et + » —_— 


14 


It only remains, therefore, in the ſucceedi ing N 
to find the value of V, W, X, T. &c. the ſums 80 the 
ner ſeries When infinitely continued. 


©. -. i 
* n " 3 - 
941 . J ; : N w 2 pu 3 55 as 
„ en 
0 5 * 1 Ap : : 
14 4 8 i be : 
1781 1 þ 
+## 7 


What is che value of 2 -Þ 27 8 242 *. hg, | 
4 i n 2; 


361 Iv 9 f TY, * 15 1779 
x 1 # 240048 
13 n 

«4 f _ | L © 
2 X od | 1 erte 
0! 45 E $0149) 

TY * | 

44 


— 
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MATESBARITSS 


©", SOLUTEON., 
wre. 
Molih e + EZ + 233 + 2 + EY, 
by 24 — 1 — 2 — 2 


. + long +2129 oe 
8 po 157 I 480r* ho 36457. 2. 


— 207 * — 640, r. 


es) | + 155, Ne 
merge El 1268 667 8 26. . 1, G. 
be | „ 
CHEST 


„ 


From ab, ieee 

1. That the numbet of texms, in the dumerator of the 
fraction, which exhibits the value 01 theſe kind of io finite 
ſeries, will be always equal to , the index of that power 
to, Which the numbers, I, 2, 3, Ce. are raiſed in the 
numerators of the terms cooftitating the ſericy. _ 

24. That, after'the numeral coefficients of half thoſe 
terms are found, the following coefficients will be the 
ſame with the former, but in a reverſed order ; after the 
manner of the unciz of a binomial. 
$34. That the denominator of the ſaid fraction will al 

ways be r- 1 raiſed to a power (m41) whoſe index is 
greater, by unity, than the index of that power to 
which the numbers, 1, 2, 3, &c. are raiſed in the.nu- 


Alſo 


— 
$ 
d 


| | 6 . * * 2 
1 7 ” F - 
* 2 \ . * N - 
„ - P N 


NIS © 
from the nature of ,the operation by. which the 


CR fract on in found; it will appear: 
2 OOO TIE ee 


85 WY. Nite Ws 


6, That th thing . . z 


7. That ef the fourth, 45 —3" x == 7 x 


De _ Em 


1 2 D 5 
And therefore Z. the value of the feries — + 15 
OY 04 N 3 
o 4 . 
+ + 2. e eee, will bo 
4 —_ 


— 
£4: 

— 145 p 
[i * 
N en 
4 


1X 2X3 


Thus are we furniſhed with the means of finding the 
numbers V, A, Y, Ne. | 


Firſt, for „; Where — Then 228643 n. 
And 64=7=57: 3%=729; 64x75=448; 7x2 =213 


And 729-4482 —_— 


2 9 E 2 12 


736. MAFYSSATIFAL 
Ti. 0 eee 4,9 1 


Vier 3 Al nm 21 ns, 1891351 303 dal ar 


Secondly, to find X, m=7:; Then lake si 
Andiz 88120: 37221871 clean e sag. 
And 2187-102428 21191: 47=16384 3 2187 
2474965" 128 ab 3584: *, Ard n 
ate F "_ 


N W | 
** E Hog! 45 i it L 


WIr e 
22 — 2 101» 4282 4 1 — 1*+1 —— 


cw x + a — 


on. 


— 28 ..... 
11 4 a * 5 * 1 


uch. to kad, Y.omb2/Dhen ie 


And 256-9247: 3*=6561;256x9==2304; 9x 3536; 
And 6561-2 304 365-4293; g?=65536;;6561x9 =" 


59049+9216—84=15619- 4 
1b. — 1 | 
eee £16619 . 
— SEES Breet een v 
| 10 5 155-8% 1 ; *. „ 2 4 525 | 


ue. 4 — — — ——ů— 1 „ X% 


As the numeral values of the ſe 3 at dhe J 1 
ſerent rates of inteteſt, and their logarit hme, will be of 
great ſervice jn tte ſpeedy nſalution of queſtions, relating 
to the values of com ben. lives, che 9 polls table is 


o- 


- > wg 
wa Ft e od! 


| 1 +#S + 1-- 1* 117196 
F wg Rat» | I Þ -R r — ＋ = A 27 21 
per C. þ- Ws > 8 | . q 60 120 5600 40 
„ FE [77490041 | 7859663 | 1054396960] 179912043600, | Of 
8 1 & 6205 
= „ 49124782 4283960 | 498114540 19g if 4 25 
2 1 * e © | 2535650 este 32967678466; | » 
| 9 © uy EE 4352 | 
= F = of £92 ee een regs] deen, 
— 5. - 720 5 I |» 1958820 | eee, 8895852030, a 
=. 6] 2B *Þ #2 ben e 5200%/| ee 8665913930 S 
- >» 85 — > ** wy 2 1 8 4 | £ | 2 [1 2 E + 
"0 + 4 fn SPE 5 2 > 88969 026 115 0 
+: CER $4[ 45913007 7 ; hes 2575253 
37 : , , "ho. | O 835 4040 84126338 10,51 3 
4. 1,3979409 242 71 28204 422 6741) 84621147 | 10,4174655 
+ | 1,3467875] 27126913] 4,3101721| 6,203674 $49 ploy 4] 7 
- SIE INE 2, 6232493 | 4-23003 34 6,0248221 | | $9385 499] |. | 2 5 
. 2 12418487 2, 4698053 40047192 | $,7104035 
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It s be the ſum of s terms of the arithmetical pro- 
greflign a, ad, a-24, a—3d, Cc. whoſe common dif. 
ference d isknown; and if Z be the ſum of 3 terms of 
another arithmetical progreſſion 5, , NJ, z., 
r whole Einimon difference I is alſo known.; ond if 
there be farther given & E the product of the ſaid fume, 
it is therice required to find be ſoc of g terms. of the 
following ſeries, wiz. ab + a=d LAT 
De. which is formed by multiplying the ſeveral correſ- 


I 
r 4 7722 8 
it. uo 


9 


„ E93⁵ 
- 
f the 
P 
* " 4 
%. A —— 
= 


„ „„ e 


Te terms of r 
EZV, Ec. „ rr KY 


IF 


of , 
. 2 262 bd- * 2 48 
Dx LA =ab= 2-2 + 4, ys 
D -- 10 + % 
A Oc. Wc We UG 
| The 


— * .,C *” - yo” ww, i TT = 
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The ſum of which may be divided into ) the four fol - 
lowing ſeries.” wiz. 101 0 


* 77 = , | | 
bd * S PIT ZT / * 1 Seeqa.t. | 


a 

I e eee, 1M 

— — E 
4% eee =" n 


Therefore re putting Z= the ſum of * terms of the (aid 
ſeries ab, a—d x Ain. — 1 


—— #: TEE 


172 12 1˙2· 3 
Now if the above found valdt of J Z be Uivided"by's 


822 „ . i, „J r „1. 1 
TAG I*2 4— 1•2 4 1*+2*2 as | 


Whence by ſubtraQtion, 5 
SZ _ TY 2—1 „ „„ 1.7 
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QUESTION XXII 


S = « +6 +a (n), 

= 444 +5 (), 
2 = c + 4+ 2A (1), 
Ants =abe N. x BJ KF x = + * . 
15 „ bre ( e (a); 
Then taviog given SZ, (the product Tua fm 
of the different arithmetical progreflions) and what ile 
may be neceſſary given, Ik required f | 


SOLUTION. 


_— 


- 


4. > 
 — 


. abe — my + 3AFag Fr 
SZW = — 
23 —1 


| 7 1 
— PT 77 a3 A 


As will appear by the continual multiplication of the 
| ſeveral values of &, ee Therefore 


=! Th "2 00 


*. 
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e 
er Mee 6 
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= EAT. ad + bed + © 


ADD uf 
| Nen it MN» l. N ay wa "int fs 
Os 12, a4 derer eee | | Yu 


A by Fr as in che laſt * it A ap- 
per that ters of the fer ſeries abe + E * 
4 7 * bot X 1 ——— X. eee 
Oc. That is + 0 

„ern 


5 D 
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— xaf D 


* 1 3 


Kin a | A+bdAhoad 


7 et 
I | 1:2 


4 , # 
2 MT 
= — — — 
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Ls ; y . 
| 21 
— —— — | 4 
e 
18 4 Lr en e ass. | 
3 1 my * HM Ho n ” 
5230 = * Tce 


Tb. 2 —= Ky 
n L 
1 —— 4A, 
2*2.2 
TI . 1 — kay 
An'z= E. 1 2˙2•3 91 oS Ad «Þ 
Tan A ml UA. 
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3 E 5 QUES- 


| QUESTION . 


. Suppoſe adp ef metal, equably Tu” hay, 
fog two oppoſite faces, one white, the black, be 
thrown up, in order to ſee which. of thoſe faces will be 
uppermoſt, afcer the metal is fallen to the ground;z. when, 
if the white ſace appears uppermoſt, a perſon is to be en 

titled to 5 L or any other ſum of money: It is requitei 
to determine, before the event, what chance, or probabi- 
lity, that perſon hath of receivin 5 4. and what fun 
he my reaſonably expect ſhould-be paid to him, in 
conſideration of his reſigning his chance to another? . 


_ dl <4 


— _ 


7 
* 


.$0.LUTION. 


— 


| * Sivcs, by foppofition; there is nothing in the form of 
the metal that can indine it to ſhew one face rather than 
the other; and fince it muſt neceſſarily ſhew, either the 
white, or the black face, it will follow, that there is an 
equal chance for the appearance of either facez or, in 
other words, that there is one chance, out of two, for 
the appearance of the white face; and, conſequently, 
the probability thereof may be expreſs'd by the fraction 
2 7 If, therefore, any other perſon ſhould be willing to 
purchaſe this chance, the proprietor may reaſonably ex- 
peQ 4 of the 5 J. in conſideration of his reſigning there- 
of. % E | 3 | 
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QUESTION Wav. 


Soppoſe there are tiree cards, each of different ſuits, 
one heart, one diamond, and one club, laid on a 
able with their faces downward ; out of which, if a 
perſon at one trial takes the heart, he is to be entitled 
o five pounds, or any other ſum of money: It is requir- 
| to determine, before the event, what chance, or pro- 
ability, he hath of winning and miſſing the ſaid five 
pounds, and what ſum he may reaſonably expect to be 
paid to him, in conſideration of his refigning the chance 
to another ? 


SOLUTION, 


Since there is nothing on the outſide, whereby the 
perſon choofing can judge or determine whether of the 
three cards, expoſed to bis view, is the heart; and fince 
he is to have but one choice, it will follow, that he hath 
but one chance in three, for obtaining the five pounds, 
and that the probability thereof may be expreſſed by the 
fratipn : Again, ſince there will be two cards remain- 
ing after he has made his choice, either of which may 
be the heart; therefore there are two chances out of 
three, that he will miſs it, and the probability thereof 
may be expreſſed by the fraction : Laftfy, he may rea- 
ſonably expect 4 of the five pounds, as a conſideration 
for transferring his chance to another. 
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«+. * 
LL : 
# 7 Vo 
Ld = 


84 Marni AT IAT 


QUR $ TION XXV. 


Suppoſe that there are five counters, four whereof arg 
black, and one white z out of which (being mixed toge. 
ther) a perſon blindfolded is to draw one, and is to be 
entitled to five pounds, or any other ſum, if he happens 
to draw that which is white: It is required to determine, 
Fefore the event, what chance, or probability, he has of 
winning and miſſing the ſaid five pounds, and what ſum be 
may reaſonably expect to be paid to him, for reſigning 
his chance to ber. . 


$OLUTION. 


Since the perſon, who is to draw the counter, is ſup- 
poſed to be deprived of his fight, he cannot form any 

jadgment, which of the five counters is the white one, 
or prize, nd fince he is confined to the taking, only, 
one of them, it will follow, that he bath only one chance 
in five, ſor obtaining the five pounds, and that the probs · 
_ bility tbhertof may be expreſſed by the fraction I: Again, 
fuce there will be four counters remaining, after he hath 
drawn out one, either of which may be the priz> ; there- 
fore there are four chances out of the five for his miſſing 
it, and the probability thereof may be expreſſed by the 
fraQtiou +: Laſtly he will be entitled to of the five 
pouncs, if be transfers his chance to another. 


QUES 
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QUE'ST ION XXVII. 


Suppoſe there are five counters, three whereof are 
black, and the other two white, out of which, when 
mixed together, a perſon blindfolded is to draw one, and 
is to be entitled to five pounds, or any other ſum, if he 
happens to draw either of the white ones : It is required 
to determine, before the event, what. chance, or proba- 
bility, he has of winning and miſſing the ſaid five pounds, 
and what ſum he way reaſonably exp*-R to be paid to 
him, for refigning his 1 to OF 


SOLUTION. 240 


As the perſon that draws cannot know which three of 
the five counters are black, and which two are white ; 
and as he is to take but one of them; it is plain that he 

- hath only two out of the five. chances for taking a white 
counter, and the other three for taking a black one; and 
conſequently the probability of winning may be expreſſ:d 
by the frati.n 3 Fr and that of miſſing by }: Liftly, he 
ought to receive 5 of the five pounds, if he n with his 
chance to another. 


| - ScuoLruw, What has been ſaid, in theſe four queſ- 

tions, concerning cards, counters, &c. may be very well 
conceived to extend to any other things, which are the 
objects of chance: For inſtance, if at the concluſion of 
the drawing of a Lottery, there ſhou!d remain in one 
wheel five tickets or numbers only, and in the other 
wheel two equal prizes, and three blanks: Theu the 
poſſeſſor of one of thoſe tickets, would be exaQly in the 
Rate of the perſoa mentioned in the laſt queſtion. 
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CORTELARTE 8. 
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155 


Tuc the number 


4 


of prizes 
hx 
= 1 


ly, the oumber of 
<p 

ne probability of 
ou 

et is 

— 


having a 
with one ti 


lity of a blank 


"Nl 
Ine ſum of w 


Aud tne probabi- 


15 3 


Therefore, H, when in any lottery, the number 
of blanks is , and the number of prizes 3, then the 
probability of having one prize, with one ticket, will be 

* * m 
A and the probability of having a blank 2 
Or, in other words, tbe probability of the happening of any 
event, reſulting from chance, may be expreſſed by a fradion; 
aubeſe numerator is the number of chances for the events 
faking place; and the denominator the number of all the 
chances, whereby it may both happen and fail, And the 
probability of fuch an event's failing may be expreſſed by a 
Station, whoſe numerator is the number of chances for the 
not happening thereof, and the denominator the ſame with 
that of the former fraction. 

Secondh, Since the ſum of the two fractions, repre- 
ſenting the probabilities of the happening and failing of 
an event, is unity; therefore, n 
given, the other may be found by ſubtraction. 
_ _ Third, The expectation (that is, the ſam which the 
perſon, who has a chance for the happening of an event) 
is entitled to, if he ſurrenders that chance to another, 
is always the product of the fraction, repreſenting the 


probability, multiplied ads — Bo 


2 


S 
1 


rr 


. Ravocuronx.” | p 
the ſam expected be denoted by unity, then the expeAation 
will be denoted by the probability itſelf. Examples of 
which will-frequently occur hereafter. | 


Gd 


"QUESTION xvi. | 


A perſon, playing with a fingle die, offers to lay a | 
wager, that he will throw an ace, each time, for two 
ſucceſſive throws: What-probability has he of [RNS 
thereia ? * 


$0LUTION. 


Suppoſe the wager to be 36. and that, on throwing, 
the firſt time, an ace did come up: Then becauſe there 
are ſix faces on the die, one of which (only) is favourable 
to him, his expectation on the ſecond throw will be (4 of 
361 or) 64 Now we may conceive the firſt event, Au 
the throwing an ace the firſt throw, as the condition of 
dbtloing this 6 J. but the probability of this event be- 
ing alſo z, the expeQation, beſore the firſt 1 oy, 


neceſily be {4 of 61. or) 1 /. which being the (+ <=} 


part of the ſum wagered, „ N 
te expeQation, and, conſequently, the probability of 
winning thereof, would neceſſarily have been 361 And 


( =2=) 5 23, whence it appears, that no perſon 


dal chat wager, ae 35 to 1 in value, be laid 
| QUES: 


aguiaſt him, 


therefore, the probability of he lofi tis er ' 
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QUESTION XXVIIL. 


A perſon offers to lay a wager of 11, that out of a 
purſe containing - counters, whereof ax are black and 
x white, he will, blindfolded, at the firſt trial, draw a 
white counter unter : and alſo that, out of another purſe, con- 


mining 37 + N counters, whereof Mare black, and N 
white, he will alſo, blindfolded, at the firſt trial, draw a 
white counter; and that, if he fails in either trial, his 


- * wager ſhall be leſt: It is required to determine the pro- 


bability he has of ſucceeding therein. 


1 -$SOLUTION. 


* Now if, as in the laſt queſtion, we for the preſent ſup- 
poſe he has already ſucceeded in the firſt trial, then it 
will follow, from what is e that his expecta 


tion on the ſecond: will be F- Ad if, as in the ſame 


queſtion, we conceive the ſucceſs of the firſt trial as the 
condition of obtaining this dad then the proba- 


_ of ſo _—_ will be = ; __ . into 


that expeQation (=. ans) vill give pt 775 x 


128 for the probability required. 


Therefore, the probability of the happening of two 
ind-pendent events, will be equal to the product of. the 
1 ＋ their bree een 


22.4, 4% 
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cok 0k CEP SP 
if the ——_— fame kind, then he pre: 


bability will be = 


—— 


QvEsTION „ 


A perſon o to lay a wager of 14 that out o «x 
purſe containing a- counters, whereof u are black 


black counter; and alſo that, out of another purſe con- 
tuning M4-N counters, whereof M are black and 
white, he will alſo, blindfolded, draw, at the firſt trial, 
a white counter ; and that if either experiment fails he 
will loſe his wager: It is required to determine the pro- 
bability he has of ſucceeding therein: 


SOLUTION. - 
If the argoment of the 1 queſtion be followed the 


bg 
anſwer will be 2 2 but as n qaaliicn 
may be taken in 1 * from the former, wiz. 


that he is to fail of drawing a white counter at the firſt 
trial, and to ſucceed therein in the ſecond ; and then-the 


, ofthe failing of the firſt trial (E) . 


hg malic by Su T U) the te probable of ſucceed: 
V. 


ing in the Leni ; the product (vis. I = — 


ms A+), 
waich will be the probability required. ky * 


x white; he will; blingfolded, at the firſt trial, draw a 


© MATAINAT TAT 


And in like manner, the probability of failing in both 


experiments will be the produet of the probabilities of thei 


K I = IH 


COROL 


If the events, above ſpoken of, be exactly of the ſame 
kind, then the probability of failing in the firſt trial, and 


ſucceoding in the ſecond, vil be 1— 


* cot 1 
=> 7H bo m ++ 
And the prodbilty of failing in both 1 === x 


ed Ma 
4 


. 

; — —ͤ — ENCFCCFEFEIPIVN 
'QU-ES TION NMX. 

'What is the probability of throwing with «- ſingle 


ie, one ace, or more, in two throws; that is, either at 
the firſt 8 throw, or at both ? 


8 solUT ION. 
Let 6 (the number of the faces of the die) =» 
endl of throwing the required face, 
the firſt throw, will be 2 5 and the probability of miſſing 
.O 


* 
= A Y x 
- 
4 
4 . pert . , 
4 ; . 
: 7 35D — 5 
* * * = 
o 4 * ? 9 * 
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it miſſed at the firſt throw ; and then the pro- 


Suppoſe 
. of throwing it, the ſecond time, will be alſo 


-; but if this "29" a 'be valued before the firſt throw 


oth 


js made, it muſt be connected with” — = the probability 


of miſſing it then, (for if it be Eg at firſt, the con- 
dition of the queſtion is performed, and there is ho oc- 
cafion to throw = ſecond time): And the probability of 
miſſing it the firſt time, and throwing "0 fecond, will 


Therefore. hs. n heading the, oped 
face, Wee ome 6 + 


= . hls 


This queſtion may be more readily anſwered by finding 
the probability of miſſing an ace twice, and ſubtracting that 
probability from unity ; for then the remainder will be the 
probability of throwing one ace at leaſt in two throws... 

15 7 the probability of miſſing an ace the firſt throw 


_ and the Am of 2 it the ſecond 


X = gene the probable of miſſg 


Nerger: CAL 
mY 72 — = oe 

RAT == 

of throwing an ea latin u. 


82 
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QUESTION. XXXT. 


. for any one 
of the faces of may „ „ coriocg 


a) 11 Zamim 


= 


8 Py SOLUTION. = 
| The probability of towing the required face in two 
— a it he 


dive Git thrown =. L er quetion W _— 
Therefore the probability of wiſſng i it the two 40 


throws, and ere er wil tel So 


w—1 
1 
1 


Thereſore, the probability of . the required 
face, ether at the iſ, ſecond, or third throw, will 


— — 


TT Dd - EE x 
f 7 1 


- vile the probably 


For 
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From „ 12h 
For Take Mn; 
223 2 1 
weten will be the probably ql i 
216-125 9 n W 
js th caſe 1 216 5 216 
8 284 *13"1 Ockbbedg 
a the (= — „the 
e 2 /n 5 
probability of miſſing an ace three times ſucceſſively, fror from 
1 
an, and the! remainder (1 S- 2 
will be the probability of throwing an ace once or more, 


in chree throws, us before,” ——— 
COR Ol. 


in n throws, may be found by ſubtracting (=) the 


bejng done the remainder ( ag 
is the Cid d probabily 


* 


© 11 42148 9 


* 2 = 


— * — 


in two throws is required? 
u 4 ” 
| SOLU- 


Hence, the probability of throwing one ace, or more, 


pobabllity of miſſing an ace times, from unity ; which 
7 i 


QUESTION: NN. 


The probability of throwing one ace, and no more, 


a = > l 
l - = 


94 M n 41 


%\ 


$0LUTION. 


2 * probably of throwing ou 


ace, or more, take — =; th vag of throwing tn 


aces, in two throws; and the remainder 1 + 
I 2—1 I = . — 
nw nn nn nn 


be the probability required. 1 cafe 62 oy 


ee. nM. 
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QUESTION XXXIIIL 


What is the probability of throwing ane ace, and no 


SOLUTION. 
Tf an ace be thrown the firſt time, (the probability of 


— 2 


next two Trial (the — of which i is =) 


And 65 ) = = inthe probability of chrowing 
in that order. 


n then never an ace muſt be ene in the 


8 1. © i S 


Rx p-081-T0R% 95 

If an ace be miſſed the firſt throw (the probability of 
which is =) then but one ace muſt be thrown in the: 
remaining two 2 (che probability of which 1 


#—I x2 — Xx 2, 


I x2 


e And 55 vnn s the po· 
bability of throwing in that order. 
Therefore the whole — of throwing but one 
A | 
an, Sao will be —— 
— 21.3. 26x3_\ 25. 
In this caſe _ 7 = 


QUESTION XXXIV. 
Ide probability of throwing one ace, and no more, in 
four throws, is required ? 
SOLUTION. 


The probability of throwing an ace the firſt throw, 
and gy it for wen: other three throws will be | 


"And £ WH} of miſſing an ace the firſt time, 
and throwing b but _— throws will 
* i „3. =) ==. 

(= r 
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1 'Thiteſoie rhe whole probabllity of throwing Loe ace, 
— 1 M will be ( 4 9 


3 
—1 t. i. an cſs (= 125. 


oe; e ; 24 / 


| Therhr the probability of throwing one ace, and 


Saas, in a throws will be 21 we 


— 


. 32 


QUESTION v. 


What is the probability of e deen, or more 
in three throws ? - 


SOLUTION. 


2 
If (=) the probability of throwing never an ace 


: Fi — 
in three throws, and — ) the probability of 
rowing but one ace in three throws, be both taken 

EIT "Wl 
from unity, there vil remain * 


1 
=) — — {Ek 


throwing two aces, or more, in three throws, | 
n Ia 


"= 


N 99 


Rrros fro v. 


216—125——25x3__216-300 216=-200 _ 
Ta this 0 ED == 0 


27 


—— — 5 i = 


QUESTION AXXVI. 


| Whati is the probability-of throwing wo aces, or more» 
in four throws. ? 


S$SOCLUTIO N. 


From unity, take 8 wy 12 4) he ſum of be 


reſpective probabilities of having, (in four throws) never 


4 


an ace, and but 1 ace ; And the remain (i 


1 


x4 e will be the probabi- 


. 114 
lity of throwing two aces, or more, in 4 throws. 


2 1206—1125 0, { FO 
| $290 ">" x TOO 12905 


= 


144 
CORO L. 


.\ © Thertfore the probability of throwing 2 aces, or more, 


——— 
2 —— 121 mn 


in m throws will be 0 
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AUuEks TION xxxvih 


The probability of throwing two aces, - and no morg 
in three throws is required : 


+” . ⁵— -__ W nr 


$0LUTITON. 


; EDDY 
From E . — — the probable of throw 
ing two aces, or more, es ike — dene 
bability of throwing thtee aces in three doth, and the 
2 
remainder TE . 2 is the probability 
two aces, and no 1 in thive throws, 
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OY Therefore 32S will be the probability f throwing 
two aces, — in Shree throws. 
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QUESTION XXVII. 


As of throwing e and no mare, 
tn 4 throws, is quired? a 


i a | i 
'$OLUTION: 

IF an ace be thrown the firſt throw (the probability of i 

| which 5 A 3 


1 Seth bee prabability of which is = => : 


by queſt. 33): And the the probability of throwipg it in this 
. „„ p=1 x4 
order, will 4 % =) ==. 
But if an ace he e th te throw (the probability 
of which is =) then two ace, and no more, muſt be 
F "Ina three throws: (the. probability 


of wich u 5D by queſt- 37); and the probabilinn: 


— 


of throwing it in this order will be (= x = 2 


#1 XJ 
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Therefore the whole Probability of throwing, wo aces} 
and no more, in four throws will be (S — + 


. 25x6 
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© © QUESTION . 


FT be probability of throwing two aces, — 
in five 1 | Sy 0 


SOLUTION. 


e probability of throwing an ace the firſt throw, 
- and owing but owls Ber throws after, will bs 


1 4. 52 x4 by queſt. 34. 


— # 


Ard the probability of milling an ace chejfrſt throw, 
und throwing it twice, o only, | in the 4 ſucceeding throws 


hw... | berefore the whole probability of throwing two aces, 
end no more, in fve throws will be ( n + 


„ 
1 — 2. 1 (D ) 
6 25 7776 


as. 
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Since the probability of throwing two aces, and no 


is! 
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Therefore the” probability of throwing two aces, and ; 


no more, in m throws will be — 1 2 E. _ 


ScxoLivm, The chance of 8 any two faces 
at one throw, with two dice, is the ſame, with that 'of 
throwing the fame faces, at two 6perations, with a fingle 
die; - as will appear from what follows, 


All the different throws, upon two dice, are reprefent- 
ed in the following table ; where the numbers 1+ 2. 4» 
4 5- 6+ denote the ſeveral. faces of the one die, 2nd: 


1. 2. . 5. 6, the faces of the other dis. 
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From which table it appears, £5 
If. ee 05 
dd dice ; and conſequently that 36 will be the common 
denominator of all friQtions, that expreſs probabilities 
concerning them. 

24. That the probability of throwing one ace, or more, 
with two dice, will be 3x the fame as that of throw- 
ing one ace, or more, at two throws, with one die, ſee 
queſt. 30; for, in the table, one or more aces will be 
found in every one of the fix uppermoſt ſquares, and 
in five other ſquares in the left hand column. 

34. Alſo the probability of throwing one ace, and no 
Tay in two throws with one die, which by queſt. 32 
'is 32, will appear to be equal to the probability of 
throwing only one ace with two dice, which is alſo 37 3 
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n * bn an 103 
1 1 N 11 chende, for obe Sch, or more, above- 
FFF 
4. Tha the probability of throwipg an ne, banks 


deux, e605 bor an ace will be found in 


every one of the 6 ſquares of the ppper line, n b will 
be found in every one of the 6 ſquares. of the ſecond 
line, an aer will be found in the four remaining ſquares 
of the left band column, nd 4.048 en 
ſquares of the next column thereto. 

5th,” In like manner the probability of throying ace, 


* tres will 12 — 3, and #7 of e 


QUESTION * 


e refpeſtive probabilities of throwing any ay number | 
o points, with two dice, are requjred'? 
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| This quetion may be repdily apfwered, by iliſpofing 
the numbers of the above table, ig che fullawiag ordes. + 
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© Seng1.1uM, It may be worth obſerving, that if the 


f 
. 
Wultinomial. -r 7e, be ſquared (that 


throwing with two 


7 * BY 144 15.4 ye : 
TTT 
e, 
T oy 17. be 7 : 
DE oth ib + orb + 
CHOI 
r*%þ 17+ 1% + 19+ „e up . 
17+ rb. + 19+ 104 pin * 
e e r 


* 
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QUES« 


F 5+ 


is multiplied by itſelf) the numeral coefficients i annexed 
to each power of 7 in the product, will be the number 


of chances, for the ſame number of points, -as is ex- 


preſſed by the Index of the power, to which they are an- 
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ns ron XL. 


4. being at play at backgammon, is obliged to make 


i blotz nol Wis throw is fach,. that he chu mike it, 
eicher whete his adverſary, B, can take It op with a fing 


| ner, or effe where he can take it tp by throwing ſeven 


$SOLUTTO Ni 


* © Becauſe tlie number of chances for throwing one ace 
or more is 11, and the number of chances for throwing: 


J. in any munter, are but 6; Therefore, it will be 


ſafeſt to make cho blot,. where it may be taken up by 
Gs | 


* * 
33 


uns TTON W. 
Wischer is it ſafer,- to malie a-blot at back-gammoy,. 

were it can be taken up by àn ace, or where it can be 
taken up by a tre. ? 


SOLUTION. 


The number cf* chances ſor throwing one ace or more-. 


and thoſe ſor throwing one trè or more, are each eleven; 
but then, there are two chances for throwing deux ace, 
or three; therefore it will be Tafer to make the blot, 


where it can be taken up, only, by an ace. 


In any manner: The yneftion-73, where he mould make 
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The following table will ſhew the chances of taking up 
x fiogſe blot, howloever ſituated. 
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Hence, if the blot is liable to be hit by any one face 
of the die, the mean probability of hitting it will be 
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QUESTION III. 


* 


me dees be made a backgammon, ſo as to be bit 
by two different faces of the die, what is the probabi. 
; * of hitting * of them 2: 


$O0LUTION.. 


eee 
bility of. throwing one, os more, of any two given faces 
20 
567 
But beides that, one or botłr the blots may be * 
the two dice at length ; and the probability of that, is 
different. according to the number of points that will hit: 
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Hence the probability of TY two loch blots” will, 


at. a medium, be (== 5 
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evesrTION XIV. 


nnen be three blots, ſo. fituated as to be hit by 
Een 
N bart wh ah; xa ate 


$OLUTION. 


The firft table will give the; probability vf trrring ens 
dripere, pf che dlote-with a fingle face, or faces ; but 
befide that, there will be the probability of hitting one, 
er more, of the blots with wo dice, at length; the 
raft of which will'be, when the given faces are 1, 2, 

' ; Which have (21>) ns BA and the greate 
when the given faces are 4, 5, 6, which have . 
i=) 12 ſuch chances, the medien of which, viz, 


7 being added to 27, makes che whole 
Nenne, aan (27 +25 =) = 69 which divided by 
4 Yo common denominator 46 — SJ 


COROL. 
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9 if a * at W nt; 3 . 
- which are ſeverally within reach of being bit by a ſingle 
Lace of the die, it is almoſt certainty that one of them, 
It leaſt, will be — | 
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aue eee ee eee eee 
of 4 ave White, and 6 black : If a perſon draw u Counter 
out of each purſe, what probabiliy n: he rt} 
white counter, and no more? 


$0LUTION- 1 


The probability of his drawing a black counter out af 
the iu Purſe, ard 'v Rund of the ſecbud 


nil (by cr. ren ( 


. — 
r = 


And he probability of his drawing 1 white counter - 
out of the firſt purſe, asd a black counter out of the 
* will, by a ke argument be the fame, - vun. 


IF 1 | \ 
Therefore PIT WT be (===> | { 


@*+ 6 — 
c Oo RO. 


Hence, if and b ſeverally repreſent the numberof 
chances, for the happening and failing of an event, at 
one 


I: 4. > 7 «is 4 . A 

. — * , * 8 0 * of 
* * 1 1 Y * * oy * 2 

q * * q l 

4 « % = * 2 + 
8 2 G 3 N y 
* 1 * 8 * 2 
EIS | = 
9 w * * . . 
2 * N 
Fa + as 
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due trial; then ſhall one, or more, of the terms of the (; 
cond power of the binowial a PI“ be the numeraton of 

the fractions, which will expreſs the probabilitic f 


All the varieties that can poſſibly happen, 
two ſuch events in two trials. And the power itte 


3 will be the common denominator of che fai 
For fac, the poi, in tho trials, of the lay 
pening of. | 


Too events 
8 4 ; 


Only one of them 
Neither of them 


The fom of which three pods mp 


des v +6 aff 
und LI ——4 7 is unity, as it evidently 


onght to be. 
Again the probability of one or both of the events hap» 


will be aa+2ab a+b wm : Ad "Wn 

(== =) a+b* g * 
bability that both of them will not r happen, will be 
(=== 2 — — 4 | 


a+b" a+b: is 


| i 2995155) - CVES 
: ; " 
f 1 ; 1 : 
4 - d 4 & 
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QUESTION, XLYL. 


If there be three purſes, each containing a; white, 
ind , black counters ; and if a. perſon draw one counter 
ont of each purſe, what * is there chat thex 
fall bo all which Þ | 


$0LUTION 


1 be draws a white counter out of the firſt parte {ths 


probability of which is EY then be muſt draw two 
white counters out of the two remaining purſes (the pro- 


bability of which is — but nciher of W every 
a 
Amann 2 


> rid 


| In like manner the probability of drawing thre | 
black counters, or of failing in each attempt will be 


= \ * 
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evtsrton XVII. 
I 4 perfon draws out of three purſes, win the uy! 


What is the probability . 


ters drawn, and no more, ſhall be white #- 
SOLUTION. 

It be draws a black counter che firſt ume {the pa 
bile of which 6 ) ben de mul draw two whit 


. 


i 3 . — . 
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=" 


bility of which is 5) then he muſt draw, only, our 


— —a— (the pro- 


| OBE e's Eh ty ok 45); - And there- 


ee ee in this manner, vil 
he (=; x ==>=) === —— Therefore the whole 


ab" a+6* 
probability of the thing required will be (7 _ 7 * 
ä 3 
| == pars 


Ve 
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If he draws a white counter the firſt time (the proba- Wi" 
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Hine the 1 of drawing wo wc 


=, 
15 ay to | 
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Ir x perſon draws out of the three purſes, UW | 
— yeepe 8 
, and no more, ſhall be drawn 


SOLUTION. 


ul draws a white counter the Git time ;. then, W 
" . 12 2 wb; +, 1 

| ay fg td e- r- 

26 


=P 1 5 
U then,. 
t the other two trials, he muſt draw one black and one 


TY £45" Weis both which is 


* 


* a+3* 9 Ir & 
Dante iy on will (op 


= =) = = 
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_ ra or two white cow 
= Ne wit 
* S 3abb =) = _3ab * 
l r 
— CO ROL. 3 


F 
| The protabiliy of drawing one, ewo, or three al 
1 9 n rot eſs than oe, will be (=7 


= + EE = 2 RIS; 
0 af * 491477 cone uh. * 
5 l The probability of drawing none; 0/0 mo 
8 1 . a A) 


| white counter will be S > Ban 
gee, * -- - ; | &+ 
CoroOL w. Se 

eee one; or ax wal 
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2 


5 * az K. +> © 
Hence jt” appears, that one or more of the terms of 
the binomial 2, raiſed to the third wy ry 


Fn. © 404+ $45 won $0 rh al 
e thoſe fractions, which expreſs the pro- 

lies of all the varieties that can poſſibly happen in 
« trials 3 concerning events, the number. of chances, 
«the happening,or failing of one of which, are reſpee- 

rely a of 63, and that the common-denoniinatos of all 

cole frations will be a T the power itſelf... | 

For inſtance, the probability, in TOONS] of the. 


pppening of, 
F . bil ws 
i. 3a Wh 
Ny w (hem. . 
Only one of dem 3 
9 a=+6.. 
——— | Carol. to 46. 
re e 
The fam of which four probabilities, r. 1 
Lee, | 


2 ii unity, as it manifeſtly ſhould be. 
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1f. Therefore all the queſtions that can poſſibly be 
n{ked, concerning the happening, or failing, of any num- 
der of events, in zz trials will (if @ expreſſes the chances 
for happening, and & rhe chances for failing) be an- 
ſwered, by the aſſiſtance of one, or more, of the terms 
of the binomial P, as a numerator, and the whole 
binomial, as a denominator, 


That 


* 14 2 A 1 
4 Arenen 4 ** e * Oc 
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C: 


= 
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— by 
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each ſeverally MY * 
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2 1 * 
1 9 m . : © > 
> 4% 


| 2. The 1 of the 7 the Fappeang © of 1, n- 
FER W or at haf bar nne 


— 


the W of which fraction moſt conſiſt of a iſem 
Aud the probability of the happening of, at lab 
vie ſoch event, Will . . 4 


6 2:5 2: 


REI ron „ i 
3. The reodebiie of the appening of, neither, or 
hat one, os two, of at moſt o but o dae deere nn 


ee be eee 
And the probability of the happening, at moſt, but 
. ſuch events. vill be 


i Fr 


”—_ 


ta p33 T 1:01 N XLIX. ) 
In a lottery, 'awhero6f -the-namber of blanks is to the 
number of prizes as 39 to t (fuch was the lottery of the 
| year 1720) how many tickets muſt be purohafed, thut 
, the buyer may have un e e for-Une of mars 
prizes? 
+ oroerfen. ö 
- Thi probability of having one prize, or more, in 
-tickets; in-a"Jottery wherein the blank are to f 
as 39 to 1, is the ſame, with that of throwing one ace, 


or more, in # throws, with a die that has (14-39=) 
40 faces: Putting thereſore 405% I dhe aid probability 


oy corel. queſt, 31.) be == 


— 
| Or (if 1=4 and 394) DX: 


& 
"Pp * eo 
; — 3. | 73 
* * 


a MATREMAT test 


. e e ih 


there is to be aa equal chance for the having, or miſng, 
one, or more prizes : Now, if the certainty of having we 
miſſing one, or more, - prizes be denoted by unity, then 
the probabilities of an equal chance for having, or miſz- 
ing, one, or more, Aken will each of them be de- 


— 


=> 'But, by the queſi 


r 
a+ — — K l "1 
| i | | IS abs” © r 
Wbence | 260 = a+6". 
| . . in . 4 3 
* Which * . 2+m Lb g LAS * 
* e e eee „ 
| Th. „ — Dog. — — 
Teri 
dane Liadd=L.,o=1,6006 


I. b=L.39=1,59106 


.of2 
L.a+6..E.4.=0,01 100)0,30103)27,36=n 
Therefore the number of tickets muſt be greater thao 27. 


— — — — — — 
QUESTION I. 


EY pack of 26 cards, 13 of which are black, and 
13 red: If m cards be dealt, how many is there an equal 
chance of being red ? 


$OLU- 


RETOSTITORY. 


SOLUTION. 


I the number of chances for the happening of the 
event be denoted by a, and thoſe for its failing by 6, 


S2 48 
227 5 
522 [bl 
= 2 15 
2-2 |: 
— — 15 
E[TE 5 


ia me trials. 


And becauſe the queſtion requires, how many times 
the event will happen, in m trials, upon an equality of 
chance, it will follow, that when the event is to hap- 
pa | 


Once, 3 S S 4 
Twice, B L. 4 E 17 2 
| a | 6 Rn 
eee 
Se. 222 * 
* ——— — 1 * Tan; 
Bm a PEER Ne 
| Ec. Sr. 
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Whence the number of terms, which are equal to: 
„Ia will be the anſwer to the queſtion. 
This beirg premiſed, Let @: 55 1791 
* l 
"They ja= b; and 70 ==) — 


7 

| Therefore if 1 T5 E be ſubſtituted for b+a the aboye 

| Expreiuns will 74 
„ 
1+mx = 1+ X 3 
I, MMT 1 * 2 8 N 
„„ 
0 I , . 1 | 1 . n- 1 *. 2 1 3 : 
I . 7 777 px 1-2-3 _ ” uy * 1 

Sc. 


Now, in the eng before us, where a=6, p=1; 


the expreſſion + "will become Ii“. | In which 
power, the veal terms, at either extremity, are equal; 
and! therefore 1i+1* x 4 will conſiſt of half the terms in { 
T+1* . 7; Y 
But the number of terms in 1+1” = m+1 ; There 


Torr the anſuer will be 22 


nn 
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: n 3 
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If - repreſent the number of times that the propoſed 
event is required co 'happen then, when "there is an 
equality of chance for its happening or miſting, 1. — 


* by the above queſtion. Therefore; m, che number 


ol ib in which it will be an qual chance whether the 
event mall happen r times or not, will be = 2y-1. 


And therefore in A lotter ry, in Which the number of 
prizes is equal to tue number of blanks if it be required 
to know how many tickets ſhould be bought, in order 
to have 7, or more, prizes ; the anſwer ' will be 27—1 
tickets; that is, in order to have an equal chance to 
have 1, 2, 3, 4, 5, Sc. (or more] prizes, there ſuduld 
be bought 1, 3, 5, 7» 9, Er. tickets.--- 


— — 


ht. AM 


5 


"QUESTION 


| TP ae of 39 cards, conliting of thirteen [TER 
| thirieeh Ichdes, and'thivteen clubs: If u cirds be dealt 


: pry 115 . 88 f ol chance; ex- 
ere e 


SOLUTION. 


If 4, 5 and p repreſent the ſame as in the laſt queſtion, 
and v be the number required; then (becauſe there are 
do chances for a black card to be dealt, and but one 


G 2 toc 
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fora ted card) b=2, and a=1 ; and conſequently ca 


Theme (4 x (0 Jes x4; 


Alſo . T 2248. wr terms = 


E 
1 
** 


But we cannot here las in the laſt queſtion) find the 


number of terms neceſſary to equal J X 
 therwiſe than by trials: In order to which 


From 0,47712 = Log. 3, 
Take co, 30 103 = Log. 2; 


Remains o, 17609 = Log. Z: 


11 112 1=) 27609 % 21 1, 5. 1 
K 23 Ty 22) 5382183 = © 2,25, — 
S 456 8 5 506, K 
3 s e 7.528 
* 1 8 pgs, 17,08, 
$2] 8=1,40872;]8 E 25,62,| 
S 10 I [20=)1,76088; YE | 57.66, 
S In1=)1,93697;14 AI 86,48, 
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J- bl 1H er 
ET 
4. E 45 e = 3, 0: 
N 444} I+ $xz Ta $15: oo EI bt 
g 70 2 + "I = 9,75% 
| [I] | | 
; 7 12 " =_ s '- > S205 
<| | | 10 · 9 „10 · 9˙8 
10, 2 . ET + 232,252 
11˙1 11-10 By, 
n 4 rr — DX 7 Hg 7 e 
0, 75 
1,1253 
2, 533 1 
3» 7%\Y 
8, 543 
12, 813 
28, 83;1 
43, 245 


nE 
1 thats, 
eee | Ar Þ chan [1 * 


een fr Þ than | 


— when »; — 
ton th 


Il, 
Se. . Se. 
And (puttiog x = any number whatſoever). | 
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When m is 


FF 


But, when the chances for the events ' nat happening 

r times, in u trials (which are ignified by che above. 
ſeries) are lt ſſer than + the power 3 then the chances ſor 
the events happening are greater than it; Therefore, when 
mw=3x+2 3 there will L by. more than an equal chance for 


the events happening * times ; therefore, ( patting 
A* ) er as co. : | 


a we —— * 


3 = 2 us bo 
Since | tel Th: T7 = 
And fince r= Rong > pl = at 
on Tn ag £525 >] Cl 


Or M 8 A 
Kg Fe | . 8 \ 5 * Fl 3 
Th. IL Ha ' a Y a 
7 ' «© TY 

, 28 7 N / 


That is, if m cardy are tea, e de 
chance that there ſhould be _ hearts, . 


c 


Sines — 
Tb. z. —1 


That is, in a lottery, where there are two blanks to a 
prize, if it be required to know, how many tickets ſhould 
be bought, in order to have an equal chance for r prizes, 
the anſwer will-be 3 f tickets; that is to ſay, in order 
to have an equal chance for obtaining 1, 2, 3, 4, 5» 


Ce. 
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Ge. prizes, 0. und be hoapdt 5, 5 g. 11, Wc 5 


tickets. 33: 1 
| 7 p * 
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QUESTION, LII. 


* a * of 52 cards; conſiſting of 13 of each 
** if m cards be dealt to me, how many may I, on an 


equality of chance, 2 to be trumps ? ? 


SOLUTION, 


The ſymbols being retained, 25 = a Then becauſe 
there be three ſuits of blanks, to'one ſuit of {trumps or) 


| prizes; b=3, and a=7; Therefore z, a 


2 wk | 
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Allo 14m x 4 = FU Ge. ta r terms = 


os 1 
3 X To 


Now from 0©,60206 = Log. of 4, 
Take 0,47712 = Log. of z, 


n_—_— — . — 4 


Remains 051 2494 = Log. of $: 
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F wi 
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10==)1, 24940; 
118301, 374345 
14=)1, 491605 
15=)1, 87410 
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Therefore when m= 4x+3; there will be ſomething' 


more than an equal. chance of the effects happening: 
r times. 


Then fince mw = 4x3; = x: 
And fince r= x+1; - lex: 

P 
n. r= 23; And (ATi) 


That is ; if # cards are dealt, it will be more than an 
equal chance, that there will be —— = trumps. There- 
fore in the game of whiſt, oo 13 cards are dealt, 


there is more than an 1 chance for any particular 


perſons having — = — -E tromps 3 And fince this is 


more than an En chance, if any player has but three 
trumps, or leſs; he may juſtly conclude that his partner 


has four trumps, or more. 
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* 5 = oy a A L E, 2 1 * 
„geren tee .: 72 7 

— * , | f ä 1 
74 * $921 L I T> 8 2 8 


2. 
. * 
Since yon Hm T” N rr 085 


Or 1 S ¹ 5 nay 

That is ; | in u lottery, where there 15 4 Hacks 
to a prize, if it be required to know, how many tickets. 
ſhould be bought, in ordeg to have an equal chance ta 
have i prises, the anſwer will be 471 tickets; thus, 
in order to have 1, 2, 3, 4, 5, Ce. prizes, hove cha 
1 To Mg W hens RE Ow 3 
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QUESTION IR. 

In a lottery, whith has for babs eo ane'reſws/+ if l 
1 qu FR many — expeQ, on 
„ LUTION. 

" The fyinbols being retained as before ; then, in this 
ab = md a=r; Theorem and i = 


* 


;$72193]> 8 7,45, 

| 13=)1,25993;{7 18,19, 
I 6[14=)1,356745| 8 [22,74 
e 113$=)1,74438;|2 855.51, 


ee e, 


Alſo, whenm = 
— 2 — — — — 
. — Es 
> boris alen 1 1653443 
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That is, when w = 
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Therefore when m=5,x4-4, there will be ſomething 
more than an _ chance of the required. eſſects hap- 
-pening 8 times. 


And fince r= x+1; -i x: 

Th- r= 5 and r= (Shin. 

That is, a prizes may, on an equality of chance, 

be expected in # tickets. | 
COROL. 


5 
Th. 5r- 5 = m-4, 
And gr-1=#. 


That is, in ſuch a lottery, if it be required to know; 


Low many tickets ſhou!d be bought, in order to have an 
| equal 


* 


1 4 
equsl chance for 5 prizes, the en will be [r ; 
tickets ; therefore, in order to have 1, 2, 3, 4. 8. S8 
prizes, there ſhould be purchaſed 4, 9, 14, 19, 24, C 


= £3 


tickets. 
DE AF eee = | Lk. 
If a perſon, playing with a ſingle die, determines to 


8 2 undertake to df an 


£CLUTION. > RN 
The ſymbols being retained- as before ;- then, in this- 
caſe =; and I Th: g; and . 


{x 

5 * 
Alſo in tee, — = Sr. * 
Now from Le. 6 = Dug 


Take Log. 5 = 0,69897, 
Remains Lg. 3 = —— 
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7571, 

5 | 925+ 
23,00, 
27,60, 


V (15,41, 
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Pherefore, when - 6 x + 4 — 
thing more than an equal chance of the required * 


e | 
Then fince = 6e L DEE mat | 
| And fince n= Berg: . 


m. e 2 


That is, in a lottery, wherein there are five had 
to one prize, if m tickets are bought; dns een 


« vane, d rea ey be rpg We 


Th. 6r—=6= m—4; 
OY And Or —2=m · 
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That is, if it be required to know, how many tickets 
ſhould, in ſuch a lotttery, be purchaſed, in order, on an 
equality of chance, to expect 7 prizes; the anſwer wilt 
be 6/=2:: Therefore, in order to have 1, 2, 3, 4. 5, 
Se. e ee 16, 22, 28, 
Or. tickets; | 


NET" IP] — — Gn men net rn nt nn TFT AU: 
QUESTION Lv. 


: Ia a lottery, wherein the number of blanks is to the | 
albliber of mrideics 3 in ©; how many tickets muſt 


e ADE Gee Horn 
ow - 


SOLUTION. 


From a careſal obſervation of ><" oY to the 
preceeding five queſtions, it will appear, that the ſeries, 
which in each corollary expreſſes the number of tickets, 
which ought to be purchaſed, in order to procure ar 
equality of chance for the having 1, 2, 3, 4, 5, Ce. 
pries, do ſeverally differ by 2, 3, 4; 5, 61 which, in 


.__ each ſeparate queſtion 3 is the number of blanks more 


one ;: or (fince there is ſuppoſed only one prize to a cer- - 
tain number of blanks} the number of chances which one 
ticket hath of being either blank or prize: Thus in- 


corollary to queſt. 


. => 
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$ ; 118 f 2 1, 3 3, 5» 75 % &e;| > NE 1 
[52 7 2 * 5 385 | 
155 5 Is 8 * 55 8,11, 14, Se; > 3 2 8 , 
— 1 2 2 
52 23 38 22 & to "tt, 15,19, Se 5 4-33 | 
8 V 8 31 
5308 bl 35 9,14, 19,24, &e; 2 33 
he 233 PAR 2]. 2.8. 
94] 3 5|2 2 2 1491 ,222 35 33 


Therefore we may conclude, that the ſame thing will 
happen in all ſucceeding queſtions of this ſort ; and con- 
ſequently, that if the firſt term of the ſeries can be ob- 
tained, then all the reſt may be found by 223 


addition of 2 T5. 4 
Now the firſt term of this ſeries may be obtained by 
queſtion 49, - where the number of tickets, which muſt 
be purchaſed, that the buyer may haye an equal chance 
2. 6 
to have one © this 
e 
quotient, if an integer, or the next greater integer, if a 
fraction, will be the firſt term of the ſeries: And if we 
call this quotient g, and put a+b=: ; theo, in order to 
have an equal chance, for 1, 2, 3, 4. 5, Ce. NE 
we muſt purchaſe g, 1 272, 3, f, Se. 
tickets ; or univerſally, in order to have an equal chance 


for y prizes, we muſt parchaſe ui 6 tickets. 


— — 


"—_ — 


- QUESTION, III 
Suppoſing the decrements of life to be equal ; that , 
ſuppoſing there be » perſons alive at anſhgi - 
What one of them will die every ear Col 
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be all dead ; it is required to find (N=) the preſent value 
of ap annuity' of 1 7 for, a life of thet "ge, allowing the 
t compppund intereſt } | 


| SOLUTION. 


Let 7 de the amount of 1/. in one year at compound 
intereſt ; that j Is, the ſain of 1“ ard its intereit for one 
year, 

Theo, becauſe at the hd of one, two, three, Gr. 
years, there will be, but 2— 1, 1—2, —3, Sec. Perſons 
alive, it il follow from 'coro!. to quell, 26, that the 
rn of the given life's ſurviving the firſt year, will 


be —, that of dhe given life's aeg the ſecond 


year, =>; that of its ſurviving the third. year 22, Sr, 


which expreſſions may be conſidered as the NP of each 
payment of the annuity in the patts of i: 

Byt, becauſe the fiſt, ſecond, third, &g. payments of , 
this annuity are not to be made till the end of the firſt, 
ſecond, third, Ec. years, it follows, from queſt. 144. 
part 2, vol. 1. | that the preſent value of the firſt pays 


ment will "hh Se, 

11 | | 4 
That of the ſecond payment = 
That of the thire payment 2 Oe: 


And therefore Ho" * of the whole annuity will be 
— += — += En 20 ); hh lee ma 
Nui yy ner rs, viz, © 


* 


”, 


Fe 8 E BD, * 
RE NOS hed * 10 
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" r * " 
. — — — 
* r = CDC - — — 


* „1 
As By qu 8. 
. 4 eats 1. 
198 
— — 16. 
iin 


Therefore ( N che value * che required n 
will be 


Lore Ft : =):£ . 
1 l F 


n, k 
I 
But * — 2 —; 
foe | SES a3 1 * * 2 
Foo] Ki * 2 
n 
n XxT—1I1 11,1 
— 2. 2 
That is.. NE \ — . RIS 
2271 
Th. Y. 4 
171! N — 


where y i is che preſect worth of 1. due at the end An : 
years. 


This expreſſion produces the eaſieſt numerical 2 
but that, below derived, will bs hereafier wanted, 


If — =P,and —=2; 
en 
Then . „ill become 
re 
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t * P- N 
Thats P— © x = 


renn 
EXAMPLE 2 


8 I, at the age of fifey-four years, there are 550 three 
perſons alive; and that, from that time, the decrements 
of life are equal ; what is the value of an annuity of 14 
for a life of that age, allowing 4 per Cent. compound in- 
tereſt ? 

Here z=43, FN, 1851683 And r=1,04 


43 1 42, 185 168 


11S, oi — Ss 1,04 n 
1,72 43,872574 
2 I — ; 


j0688=ax7—1 * 0688) « Wr 612,83 N. 


EXAMPLE Il. 


Tf, at the age of fifty-four years, there are thirty-two 
perſons alive, (the decrements of life being fuppoſed equal) 
What is the value of an annuity of 1 J. on that life, al- 


lowing 4 per Cent. compound intereſt? 
Here » = 32; M, 285058; And r=1,04 


o= 32 _ #—1+p=31,285058 


1 = ,04 1 04 
1,28 32,5364 
. 32,0 


105 14=0x7=1 ,0512)0,536460, (40,478=N. 
E X. 


- 
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EXAMPLE III. 


Suppoſing that, at the age of 66 years, PER” 20 
perſons alive, what will the value of an annuity of 1 /. 


on that liſe, be worth, allowing intereſt, Sc. as above? 


Here a= 201 20; Pg, 456387 And r=1,04 
22% 2219.456306 


12504 104 
280 20, 234642 
04 —# 20,0 


630 50 0) 0,234642 (7,333=N. 


Scuolium, The reader will obſerve, that, in theſe 
three examples, the number of perſons ſuppoſed to be 
alive at the ſeveral ages of 43, 54 and 66, are 43, 32 
and 20 ; Whence it will appear, that in either caſe (if the 
decrements of life be equal) all the lives will be extinct at 
$6 (for 43433 54+323 and 6620=86) which 
age, the juſtly celebrated Mr. de Moi ure has aſſumed as 
the utmoſt probable extent of life. His words are theſe : 


Another thing was . neceſſary to my calculation, 
* which was, to ſuppoſe the extent of life confined to a 
« certain period of time, which I ſuppoſed to be at 86: 
% What induced me to aſſume that ſuppoſition was, 1, 
4 That Dr. Halky terminates his table of obſervations at 
« the 84th year; for although out of 1000 children of 
one year of age, there are twenty, who, according to 
Dr. Halley's tables, attain to tbe age of 84 years, yet 
4 that number is inconfiderable, and would ftill have 
K been reduced, if the obſervations had been carried two 


« years farther, 24, It appears from the tables of 
| « Graunt, 
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« Gaunt, who printed the firſt edition of his book abou 
« 80 years ago, that out of 100 new born children, then 
« remained not one after $6 years; this was deduce 
from the obſervations of feveral years; both In th, 
city, and in the coùhntry, at the time when, the tiy 
| * being leſs populous, there was . greater! facility f 
«© coming at the truth, than at preſent. 3d. I was far. 
« ther confirmed in my hypotheſis, by tables of obſer 


« yations made, in Switzerland, about the beginning of 

« this century, wherein the limit of liſe i is placed at 86 

« As for what is alledged, that by ſome obſervations, ol - 
late years, it appears that life is cafried to go, 9; \ 


„and to 100 years; Fam no more moved by it, thay 
dy the examples of Parr or Jenkins, the firſt of wWhic of 
lived t52 years, and the other 167. tel 
In conformity, alſo, to that excellent gentleman, the ' 
number of perſons ſuppoſed"to'be alive at aby age de- 
ing (as above obſerved) the d fferences between The er 
age and 86, hall be hereafter called the cdraplement of 
7+ Tife.  * But if the reader ſhall, for any good reaſon; think 
that 86 vught-not'ts be taken for the dutmoſt extent of 
-- life; and can pitch on a fraer number, then, in all the 
- fubſequent rules, ſuch number muſt be ſubſtituted in 'the 
oom of 86. 
As. the above e Fele for findin in "he: ' value \ of a fingl 
= Ne” may "ſrequently, be wanted praQice, 0 18 1 . 
"exp dient to annex . in Words at 1 eng th, as f 
"The rule to fd the preſent velue of an 55 1 1], 


— + 8 


© avbich js to continue during the bfe of a perſon * a given 
age, allewing « compound intereſt at a Liver ratt, and fu fe 
Het the decrements of Ii life 47 e 4 qual: ren . A w 
Let the number « 0 Jears, wp 4255 76 Y; 15 a7 14 bo- 
oe be called the c omplement e of lif, be 7 77 an e um of, ou W 


n its flee for or one b ear, be led the rate, 


Feel 


0 


ben, the quotient of that diui 


RET OSIT GRT. 143 
Seek, in the tables, for the preſent worth Us one pound, 


du af the "ind of the "t omplement of life; to which add 
the complement of ti life 10 on one. 


45 41 


"Multiply the above ſum by the 'rate, and 1 the pro- 


daft take the complement of 5 We the remainder 


4 dividend. | 


Sa %% © 


the annuity required. | | 


iz nene 
E * A N PL E. 


\ What i is 101 value I; an "annuity of 11. for the life 
of a perſon. of ten years of age, allowing compound i in- 
tereſt at 4 per Cent. 


Here s 10) 76 is the Gllen of ſi fe. 
And (1 , 0 g=) 1,04 is the rate. 
The preſent worth of 1 /. due at the end of F = 075 


x 


70 Yds; 
The complement of life leſs one is We - .75,00000 
Tbeir ſum is 175 .050%5 
Which being multiplied „ de rate 11.04 
| will produce ah 00 10 * 78 eee 
N * Sa ating com 1 7 
There will remain for a dividend 2100278 


If the intereſt of 17. wiz. 0.04 be mu'tiplied by it- 
ſelf, the product will be 0,0016, which multiplied by 76 
will pyoduce o, 1216 for a diviſor. 

And if 2,05278 be divided by o, 1216 the quotient 
will be 16,8814 the value of the annuity required. 

| . N. B. 


=Y 
5 NI. The wales of un annuity of 1. being multpli 
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by the yearly income of any other annuity, for th; 
ſame life or lives, will give the value thereof: [That 
the anſwers found to this, and the ſabſequent queſticn 
may be conſidered as the number of years purchaſ, 
which ſuch annuities, - as are deſcribed in the ſever] 


queſtions, are worth. 


This eee mis 
by uſing the table in page 77. Thus, 

Take the preſent uur of one pound, due at the end g 
the complement of life, from unity; multiply the remainds 
_ by. the number, «which (in the above mentioned table) far 
on a line, with the rate of interefl, under the letter C. 


2 divide this product by the complement of life. 


2 


Subtract the above. found quotient from the nume, 
evhich {on the ſame line of the ſame table) flands: wir 
the liter P; and the remainder ill be the walue re 


Thus in the above example, | 
The tabular number under 2 i is 650, 
That under P is 253 


And if (1—0,05075=) o, 94925 be multiplied by 
o, the product will be 617,013 ; which being divide 
by 76, will quote 8, 1186. 

And if 8, 1186 be ſubtracted from 26; the * 
(vu * will be the value of the annuity, as be 


aus 


o 
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QUESTION Tun. 

Ebbe decrements of life being equal, ſuppoſe A, the 
complement of whoſe life is m, is to pay ta B, or his 
afigns, an annuity of 1]. per Annum, for # years cer- 


rain, if A ſhould live ſo long; wks the . valus 
of Bs annuity ? 


Since every 3 of B'; annuity, 2 upon tho 
continuance of A's life, it will follow (by reaſoning as 
* 56) that it 82 o _ n are of the ſeries 

-— — - + = * „Oc. which may 


be divided lids the two an ſeries, wit. 


= * 1 7 
be” eek += 3 9 — 
| 1 N11 17 mx —1 


Thereſore the value of the required annuity will be, 


— 


3 SOLD TE 1 #2 
I=—X - —— x -— — 1—— * - 
Me ob, ad * „„I 

I 1 MM "ST 
. Now | DIES = 71 Fh. it will be- 
1 } 8 0 f > 
m * 
„„ 


oer 


Suppoſe A, whoſe age is 43, is to pay to Ban annokty 
of 1/. for 32 years certain, if he (that is A) _ live 
Vol. II. H ſo 
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ſo long: What is the preſent worth of B's annuity, il. 
lowing 4 per Cent. compound intereſt ? | 


| Herew=(86—43 =)43 33323 * =0,285058;&r=1,0 
=” | 4 


m= 43 m=43; Es ne 
-o n=32 m>=43) 3.135638 (,072922 


i l 1 
—— 
,0688 
1,0 1 
. 072922 —0. 2859058 
„ | I 
1— nn 2 2, 714942 
1 | . 
; 25 * 1,04 
5 23.1769 0, 688) o, 743 540 (10,807 
10, 87 
12,370 The Anſwer. 


QUESTION LVII. 


It is required to find the value of an annuity of 1 /, 
to continue 5 years, if a perſon of a given age ſhall live 
fs long; allowing compound intereſt at a given rate, and 
ſuppoſing that (by a table of obſervations deduced from 
the bills of mortality of the place where the annuitnt 
reſides) it ſhould appear, that the rumber of perſons lir- 
ing at the beginning, and end, of that period of time, 
(daring which the annuity is to continue) are proportional 
to the numbers @ and 6, and that the decrements of life, 


are cqual ? 
$OLU- 


* 
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SOLUTION. | 

Since the decrements of life are equal, daring the cons | 
tinuance of the propoſed annuity, tit 'tis evident that @ and 
3 muſt be the extreme terms of 5 PC 1 numbers in arith- 

metical progreſſion ; and therefore, the common difference 
ofthe numbers in that progrefiion will be by queſt. 6. 


part 2. vol. I.) That is, a = a— == 4 =* 


J 
Oe. 
_— X | 
Or = 2 22 = e. 
will repreſent the numbers themſelves; and, if we argue 
as in queſt, 56, it will appear that the probabilities of the 
continuance of the given life for 1, 2, 3, Cc. years, 
* 5 44 
will be 2 44-242 2 24 ＋23 . db 
44 42 a 
ſent worths of which probabilities, being added together. 
** 4a 5 — 2 EL 65 for the 
jar dar zar 

value of the annuity required. 

Now the above may be divided i into the two * 


ſeries, viz. 


ia 1 


a )= 
if 5 r ( ; 
* N 
1 —1 ix * 
ia * 
+ —— 9 
1-1 Xx 
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And therefore, the value of the annuity will be 


I IL. Fxamd 3b rx ab 


QUESTION LIX. 


It is required to find the value of an annuity to con- 
finge t years, if a perſon of a given age ſhall live fo 
Jong ; allowing compound intereſt at a given rate, and 
ſuppoſing that (by a table of obſervations deduced from 
the bills of mortality of the place where the annuitant 
reſides) it ſhould appear that the number of perſons liv- 
ing, at the beginning, at the end of . years, and at the 
end of A- years, are re ſpectively proportional to the 
numbers a, 6, ande; and that the decrements of life, 
for the ſeparate intervals of , and t years, are equal; 
and laſtly, that @ is the difference between the common 
differences, of the two arithmetical progreſſions, of which 
4 and , and þ and e, are the extreme terms. That is 
23 3 


683 — 2, 


f 


SOLUTION. 
The value of the annuity for the firſt / years will be 


— — B — ea — 
W ih FX Ah 
: x — — —— 
„ r-Ix r-l x 


I r a=-b I 5 7 a—b 


_ I = = <> —_— XN ED If — 


S 2 
Fel yes ir © fool xrea * 


by cueſt. 58. and the probabilicies of the given life's 
continuing 
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continaing PI, 2, 5+3, fc. years will (by argu- 
ing as before) be Ew qr — 

ta 2 2 
Sc. whence the value of the annuity for the laſt z years 
| ; „ the2bbzc 
in be reprefented by the ſeries . kee 
—_— by * 2 
th—3b4+-3e 


— — = (*), which being ſummed in the ſame 
tar *T3 


manner as the laſt will amount to 


r th rxb=c te r* bc 
— XX = =; — — 


2 9 2 
tar 1 r=I —1 t —1 xrt 


1 b r e c PS. * 


ie! N t ina Ti xtart Ft | 

The ſum of which two values will be the value of the 
whole annuity : Now it is obfervable, © that the third 
term of the value of the anauity for the firſt . years is 
the-ſame with the firſt term of the value for the laſt 
years, but with a contrary ſign, therefore thoſe terms will 
vaniſh out of the ſum ; again the fourth term of the for- 
mer hath the ſame common factor with the ſecond term 


of the latter (wiz. . -) thoſe terms have con- 
fel „ 

 trary figns, and the quantities multiplied into that faQors 

are ©> and, 2e, which have 2 given difference, vi. 

2, therefore thoſe two terms may be expreſſed by 

And the value of the whole annuity will bo 
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QUESTION IX. 


Let it be required to find the value of an annuity to 
continue , years, if a perſon of a given age ſhall 
live ſo long ; allowing compound intereſt at a given rate, 
and ſuppoſing that (by a table of obſervations deduced 
from the bills of mortality of the place where the an- 
nuitant teſides) it ſhould appear that the number of per- 


ſons living at the beginning, at the end of + years, at 


the end of 5+ years, and at the end of tv years, 
are reſpectively proportional to @, l, c, and 4; that the 
decrements of life are ſeverally equal during the reſpeQtive 
intervals of. s, t, and v years, and laſtly that 


ee SIA -10-k 


x 


The value of the annuity for che firſt -I. years be- 


ing found in the laſt queſtion, it remains only to find its 


value for the laſt v years: Now the probabilities of the 
_ given lile's continuing -i, z, pt 3, Sc. 


years are ſeverally 


2 
*. value of the annuity, for the 10 interval of v years 
will 
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And if we proceed to add the two firſt terms of this 
expreſſion, and the two laſt terms of the reſult of the 


laſt queſtion together, in the ſame manner as before, the 
ſam will be ==". and conſequently the value of 


FI x 


the whole annuity will be 


* 
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The manner of continuing this proceſs is ſo evident, 
that it ſeems quite needleſs to purſue it farther, we ſhall 
therefore proceed to a general expreſſion thereof. 


H 4 


- 
— 


which, being ſummed in the ſame manner as the for- 


Now 
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* Now the above will, by reduQtion, become 
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Or (putting P S N 
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E therefore from any 1 of obſervations (deduced 
from bills of mortality) it appears, that the numben 
which are proportional to the Iiving at the end of each 

year, do for / years decreaſe in an arithmetical progrel- 
non; for the next F years, in another arithmetical 
progreſſon ; for the next v years in a third; and 
for the next ww years in a fourth; and fo on to the 
laſt æ years wanted; and if the faid tabular numbers, at 
the beginning of each ſuch period be, ſeverally a, 6, c, 
c. to g; b, being the tabular number at the end of 
the period x then will the common differences of thoſe 
arithmetical progreſſions be 
8 61. And if, for the 
4 . 

ſeveral differences of thoſe difference, we write @, B. 5. 

a—b _ {Bs c 
Ec. toy; vx. — — = =0; —=—=—— 2 
; 4 ft 4 V 

ec. Then, an annuity to continue Cv, &c. + x 

years, (the number of which intervals is mm} if a life of 

that age, (which in the table of obſervations correſponds 

to the number of living a ſhall continue ſo long, will 


we worth 
PP 


to denote + = 5 en 15 


e. are the -vumbers, which in a table of the preſent 


worths of 1-/ r 
| 8 


QUESTION IXL 


It is required to find de vals of an anmuity to con- 
tinue during a life of a given age, ſuppoſing, as beſore, 
that by the table of obſervations, deduced from the 
bills of mortality of the place where the annuitant re- 
ſides, it ſhould- appear, that the numbers, proportional 
to the perſons living of the ſucceeding ages may be di- 
vided into ſeveral ſuch arithmetical progreſſions as are 
above deſcribed, and allowing compound intereſt at a» 
givea rate ? 


SOLUTION. 


If the ſame ſymbols be retained, as in the laſt que 
tion; Then, fince the value of an annuity for the whiole: 
life of that age is required, 5 will neceſſarily be incon · 

H 5 ſiderable,, 


C__ — — — — 
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| Kierable, and conſequently, => will equal 2, which 
cannot greatly differ from unity: — bn 10: 
nuity may be expreſſed by 


* p= e — —— . - 


d Bir is the common difference of the firſt 2:ithe 
metical progreſſion, that is, the difference between the 
two, firſt tabular numbers, a and the next leſſer, which 
difference may be ſeep by inſpeRion on the table, and 
may be denoted by D: and then the-annuity- will be 
* | 


PP a Y 
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Hence if (by any table of ſuch obſervations) it ſncuid 
appear, that, in the numbers proportional to the living, 
the ſeveral arithmetical progrefſions ſhould each conſiſt 
of an equal number of terms; and that their common 
differences ſhould, alſo, be in arithmetical progreſbon z 
then the annuity wound be expreſſed by 
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gellon, whoſe greateſt term . , do and van 
ber of terms n cerefore the fum thereof will (by queſt, 


* 


11 N 


2. vol. I.) be — — , and conſequent; 
. Lon —— 


Iy the annuity will be worth 
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If the numbers, proportional to the living, ſhould be 
a ſeries whoſe ſecond differences are equal ; then will the 
value of the annuity be . by 


6 W0Wͤͤ'ir:: ̃ ͤĩ N ⅛—!l!l. UP 


e + A (en. 


Where m would repreſent the ſame thing as was (in 


queſt, 56) called the complement of life, and the annuity 
will (by * ) become 


— 1 


= »—D .. SIRE... 1 
6 = X; + —1 ix 


But as the two latter caſes will probably ſeldom occur, 
it may be ſufficient, here, to give a rule in words at 
length for the former, and more general caſe; in order 
to which, it may be convenient to give ſome directions, 
n the diſpoſition of a 1 of obſervations. 
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Let then the table of obſervations confift of four column,.. 
" tn that column, which is next to the lit band, inſert 
the numbers 1, 2, 3, Ofc. to repreſent the years of life, 
 from-infancy to the extremity-of old age. 

in the ſecond columv, inſert thoſe numbers which ( from. 
the Bill: of "mortality of the place) appear to be proportional 

to the number of perſons living, of each particular age, 
contained in the faſt column; the firſt number, therefore, of 
this column wwill be thi greateſt, and every preceding num- 
ber will be greater. than the ſucceeding, untill the laf; 
aubich will be the la-. 

In the third column, let the differences, biteveen the 
aumbers of the ſecond column, be placed, in ſuch a manner, 
that the difference between any number, and the next Iiir 
may fland on a line with the greater number; thoſe nun- 
bers will be proportional to the number of perſons, which. 
die between the age, again which they fand, and the 


net follewing age, mentioned in the table: When the 


numbers, ⁊ubich cempoſe this column, continue the ſame in 
one, two, three, four, Qc. ſucceſſive ages, they corflitute 
fuch an interval of years, a bas: been above repreſented 
by. the fymbols. 8, t, v. Ce. Let therefore. every ſucb 
interval be (by ſomething remarkable, namely, a rul, 
luer ſpace, than common) dlſtinguiſbed. from the pre- 
ceeding. : | 

Is the fourth colummn, let there be placed, on the firſt lint 
of each interval, the difference between the lafl number in 
the third columm of the former interval, and the fil um 
ber in the ſame column of the preſent interval ; placing 
befare- it the fign +, if the number in thi former inter- 
wal exceeds that in the preſent; and the fn —, if thi 
number in the fu mer interval bs leſs than that in the pre- 

| fot 
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De following TABLE of oa l de. 
duced (by the very ingenious Mr. Tho. Simpſon) 
from the Bills of Mortality of LonDon, being: 


put into the above: preſcribad Form, may ſerve as: 


an Example. 
Ages|Perſons 
— living of y 
p24] #3 7 
25 | 42 8 
26 4181 8 
27 410 8 
28 402 | 8 
29 | 394 | 9 © 
5 30 | 385] 4 
6 *i 376] 5 
7 32 367 | © 
| 7 if Er 34 | 349] 8 
9 532] Fr | |35| 340| < 
10 [ 524] 7 36 331] og. 
1h 517] 7 37 | 322] $ 
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| Perſons). p, 


rn living * 


NI | 
= | 


Log nd BS 


The author, mentioned in the title of this table; has 
carried his numbers no farther than 80 years; but another 
noted author, who very nearly agrees with the former in 
every age above 25, has bis AY e lower 
in the above manner. 


L 


Ne /allnving TABLE e On:xRvATIONs, de- 
duced (by the juſtly celebrated Dr. Hallay) 
from the Bills of Mortality of BRESLAw, is as a 
farther Example, inſerted in the Farm above re- 
commended. [.. [v9 KEY 
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The numbers, proportional to the perſons living, in 
this table were copied from Dr. Ha/ly's table, as inſerted at 
the end of Mr. De Avivre's doctrine of chances, which 
is carried no farther than 84 years; againſt which the 
number 20 is placed, where I have here inſerted 193 
which alteration I made, becauſe, otherwiſe the number 
in the fourth column, even with 83, would have been 
2, contrary to the general law obſerved, in all other - 
 Inflances, both in this and the Landon table, after the 

ape of 8 years: The numbers, placed againſt the fol- 
wing years, were inſerted in that manner, which I 
conceived to be moſt conformable to that general law 3 
but ve erred therein, the value of a life. will be 
br. tle affected thereby. | 
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The RULE, 1 

To find the preſent value of an annuity of 1 I. to con- 
finuse during @ fingle lift of a given age, allbwing com- 
_ pound intereſt at a given rate, by the affifiance of a table 
of obſervations ( deduced from the bills of mortality of the . 
place where the annuitant refides) diſpoſed in the manner 
above deſcribed, and a table of the preſent werths 1 I. 
ferling, due at the end of am number of years to come. 
From the fr ft number of the left hand column. of each- 
interval, which folhws the given age in the tables of ob- 
ſerwations, take the given age, and lit the remainders bt: 
called the complements of each interval ; al let 11. and 
its interefl be called the rate. © 

A. a tith of diflindion, between the two bereafter di. 


reffed columns of ee, place the figns + and =, _ 
Multiply ſeverally the preſent wworths of 11 due at the 
end: of thoſe numbers of years, which are expreſſed by the | 
reſpeAive complements of each of the abvue-mentioned in- 
tervals, by the number which flands in the fourth columm | 
of the ſaid table, on the f , line of each interval, placing 
the praducti under the gun , of - —, according- to ce 
Ant prefix'd: to the laſt mentioned numbers," * «| | 

Multiply the number, which flands in the Second as 
of the table of obſervations, on 4 line with the ages. 
by. the intereſt of 11. pling the pre unde the fg + N 
Alſo multiph the loft found product, again, by the Es 
of 11. reſerving the praduct for future uſe. 

Multiply the number which flands in the third column 
of the table of obſervations, on a line with the given age, 
by the rate; and place this praduct under the fn 

Subtrrad the ſum of all the numbers, which fland undey 


the fgn ==, from the Jum of all tbeſe which fand under 


S 
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the fign +; and divide the remainder by the pradaꝶ abous 
a; jo Ra he qauiiag) tf 162 wake of the anni 
1 | 


EXAMPLE 1 


Lat tho geofime wales of un aitity of 1 J. on a life 


aged ten years, be computed (at 4 per Cent.) by the 
above given table of odſerrations, deduced from the bills 
of mortality at London. 


Here, the firſt numbers ſtanding in the left hand co- | 


luna of each interval, following 10 years, are 


15 20, 24, 29, 39, 43, 47, 54, 67, 70, 74, 76, 8g, 89. 


"From each of which, if 10 the given age be taken, 
there will remain 


2, 10, 14, 19, 29, 33, 37» 44, 51, 60, 64, 66, 75, 79. 
the complements of the ſeveral intervals ; and the num- ' 


bers which ſtand in the fourth column, and firſt line of 
each interval will appear to be, 


l 
1, 1, I, 1, Is I, 1, 1, 1, I, Iz 1, 151 


"The preſent worths of one pound, due at the end of 
2, 10, 14, Cc. years, being multiplied by theſe units, 
and being properly ranged, will ſtand as below, 


Fe rag 52 
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Nos 2544 to years of age, be ny + years 
multiplied by 0,04, the intereſt 2 0,9246 10 0,6756 
of 14. it produces 20,96, which 33 0,2741 14 0,5775. 
is placed under +: And if this 37 0,2343 19 0,4746 
be, again, multiplyed by 0,04, 44 0,1780 29 9,3207 
jt produces o, 8384 the diviſor 85 o, 1353 7,2800 
afterwards uſed. ©,0951 _ Q 3284 
Alſo 7 the number of perſons 64 0,081 3 
ing between the ages 10 and11, 66 0,0751 
being multiplied by (14-0,04z=). 75 o, g 28 
1,04 the rate, produces 7,28 79 0,0451 vid 
which is placed under =, 2 20,9600 


Sum + 23,0557 
Sum — 9,3284 


0.8384) 13,7273 (1647 5 
the value of the annuity 


EXAMPLE IL 


aged ten years, be computed (at 4 per Cent.] by the 
above given table of obſervations, deduced from the bills 
of mortality at Brea; 

Here the firſt pumbers of the let hand column. of 
each interval, following 10 years, are 


I, 12, 22) 23, 25, 29, 34, 425 49, 54» 70, 74, 78. 70. 80, 


(87, 82, 83, 86, 88, 90. 


From each of which the given age 10, being ſub- 
tracted, there will remain | 


I, 2, 12, 13, 15, 19, 24, 32, 39, 44, 60, 64, 68, 69, 70, 
(71, 72, 73, 76, 78, 80, 
the complements of each interval. 


Let the preſent worth of an annuity. of 1 l on n life | 
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And the numbers which ſtand in the fourth column or 
each interval are | 


++—+p=———=+=-+++++++ 


: 1, 1, 1,1, 1, 1,1, 1, 1,1, 1, 1, 1, 1,1, 1,11, 


The preſent worths of 1 J. due at the end of 1, 2, 12, 


13, Ec. years, being properly ranged, will ſtand a, 


years ＋ years —- 
12 | 1 0,9615 12 0, 6246 
Now if 661, the living at io 2 o, 9246 15 o, 5653 
years, be multiplied by o, 4, 13 o, 6006 19 o, 4746 
the intereſt of 1 4 it produces 44 , 1780 24 o, 3901 
26,44, which is placed under 64 o, o813 32 , 2851 
T: And (26,44 x 0,04 =) 68 o, 695 39 , 2166 
1,0576 is the diviſor after - 69 o, 0668 60 0,095 1 
wards uſed. | 70 0,0642 8,3200 
Alſo 8, the number dyi 99% — 
o,o, 10,961“ 
(14+0,04=) 1,04 the 1 bc 
1 ,04=) 1,04 the rate; 7 0,050 
produces 8,32, which is placed 78 o, o469 
under — · 80 o, 0434 
26,4400 


Sum + 29,7059 
Sum — 10,9614 


1,0576) 18,7445 (17,7237 the 
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If the reſult of the two laſt examples whereof the 
firſt gives 16,3732 J. for the value of an annuity of 1 U. 
far a life of 10 years, according to the Landen bills; 
and the latter gives 17,7237 /. for the value of an an- 
nuity on the ſame life, according to the Brad bills) 
be compared with the value of the ſame annuity, ſup- 
poſing the decrements of life to be equal; which (by 
queſt, 56) was found to be 16, 8814 ; it appears that the 
reſult, according to that hypotheſis, is greater than the 
former, and leſſer than the latter; and conſequently, for 
general uſe, may be more eligible than either, | 


As the table of the preſent worths of 1/. due at the 
end of any number of years to come, is neceſſary to the 
ſolution of this and many other queſtions relating to an- 
nuities on lives; it is inſerted here, that the reader may 
not have the inconvenience of turning to another book, 
for the ſame. 


And becauſe the values of uk lives, computed upon 
the ſuppoſition of the equality of the decrements of life, 
are alſo neceſſary to the approximation to the values of 
ſuch combined lives, a table containing them is alſo an- 
nexed. | 
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. 4 TABLE of the preſent Values of One Pant, 


Ce. 4 per Ce. 43 perCt. 5 per Ct. 6 perCy; 
966184],961 53Y,956938þ952381],943396 
9335 11þ9245 50915739 907029],889994 
' 3þ915142þ.991943]-888999}, 8702971863835, 83961 
4588848787 1442ʃ.8 548040. 8385610822702. 79200 
5862609, 8419738219270. 80245 17835 20.747251 
837484813 50 ½%7/ 90318767 896.7462157 04961 
8 785991759918. 3482971068 1066505) 
| 7594127 30699;703185},676839þ,6z7412 
76647/73373 170587, 72904644609. 501 898 
64392 8061391355839) 
684946664958 10.6 16199. 58467 9:5 26788 
661783ʃ. 524597589664, 556837. 496965 
13768095 10.629404. 600574. 5642725 3032 1.4688; 
144.6611 18},617782þ5774751 53997 3þ595068|,442301 

1516418621. 59689 1þ5552651.516720þ481017|,417 265 
c 576706. 53 3908.494469. 4581 12],393646 
1557204þ513373þ-473176þ436297þ,3713 
538361493628. 45 2800. 4155213 50340 
15201 56þ,4746421,433302þ3957 34þ330513 
502 566.4563 87 414643376889. 3 11805 
48557143883 4.306787. 358942294155 
,4691511,4219551,3797011,341850þ 277505 
453286. 405720. 2633 50. 325571261797 
43795739012 1.347 703.3 10068. 246979 

606,423147þ3751171.332731þ295303þ232996 
63695. 408838. 360680, 318402], 28 1241.219810 
501891.395012[,34681 JJ. 30469 1267848, 207368 
37077þ381654þ33347 729157 1],255094þ 195630 
24346þ 308748], 32065 127901 5],242946þ, 184557 
411987] 3562781, 3083 19, 267 00. 231377174110 


337332590. 285058. 244500, 209 866], 15495 
32134327409, 23397 119987 3, 146180 
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4 TABLE if the preſent Values of Ont Pound. 


3 ber Ct. 32 perCe, 4perCt. 43 erCe. & ber Ct. 6pr Ol. & 2 
366044],310476|,.2635 52þ,223896þ, 19035 51379123 . 
35528 977þ-253415]þ-214254];181290þ130105 
345935 8331243669 95 ap ,172657þ,122741 
33498 (28003 34297]-196199þ 1044.30}, 115 793 
33252260. 270562228485 12 109239. 
315754, 26141321662 1,179665½149 148. 10305 
40 30655 7.2525 72. 2082 89. 17 719290. 142044 2 
— 1 — — — — 
15297629. 24403 10. 20027 8þ, 164525 235282 091715 
[42 288950 235779 192575 187g 128840, 08652 
[+3,280543]-227806þ,r 5516 J,1 50663|.22270 081 63c 
(1,272 372],220102|,178046],14417 311686407700 
46.264439. 2126591711980. 137964. 11129 2 | 
46025673 205468. 16461 4.13202 305997 2 
472492591985 20 15828 30.126338 100940 
48. 2419991 91806 152195 lzo898,0961 4: 
409. 23495 185 320 1463410115692. 0 1564 ,057546 
159%,228107þ17905 31407 1 3þ1 107 10,057 204],054.28t 
51½%22 1463.172998, 135 301], 10594 21,08 305 1þ * 
5221501317148. 130097. 1013800909483 16 
5372087 500. 161496. 125093. 974,753 30,4558 
54þ,202670þ, 156035|,120282þ,092837|,071743|,043001 
550196769] 1507581, 115656. 088839. 0683 26. 04056 
| 56,1 9103 4,14.5660}, 111207], 085013 265073 038271 
5285472140734, 06930, 81 353þ061974,036105 
58þ 180070. 13597 5% 02 817.077 849. 059023. 034061 
55 174825], 131377%098 863[,074497þ0502121,032133 
60], 1 697 33þ1 2.6934þ,99506qþ,071 289,05 35301,030314 


| 
| 
— 1— — —  -- = — — — — 
) 
q 
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61164789, 122642, 091404. 0682 19. 50986/0285 gb 
25159990 118495, 08 7889, 065 2810. 0485 58026989 
63], 15533c 114487 ,084508],062470,046246þ,02545 
64}, 15080], r10616,081 25 $4,0597 80},044044},024012 
5þ146413þ,196875|,073133],057206|,041946þ022653 
I 42149], 103261þ,075129,0547 42,0399 49% 137 
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4 TABLE of the preſent Values of One Pu 


3er Ce. 33 perCe. 4 per Ct. Aber Cs. 5 per Ct. 6 perCe. 
& 4 157þ138009,099769|,072238|,052385|,0380471,02016; 
= [68þ133989þ,096395þ,069460j.050129],036235|,0190 

6|,066788,047971þ,034509 
360.0642 19, a4 5905328 


119047084003, 0593 74.042037, 298 11. 01 506 
1155 80,081 162.0570091. 040226602839 1,01421 
,11221 460784 18|,0548951,038494|,02703 2134 
17 9-£0894 5þ97 5766þ,0527841,036836þ,02575 21,012 

AN. 105 7725073204 0507541035 25010245 25011933 
174-102691þ,0707 28[,0483801 eee 


% 99700. 6833 6. 046924. 0 32280022245. 0 10062 
90957 95þ,06602|,04 51 201,030890|,021 186/,01001 
9, 9397 7-903793þ043384þ9295 59þ0201 77],009452 
— — — —__—— — 
og 1240, 61636. 04 17 100282870192 16, 00891 
__ 3824.088582. 05955 1.040111. 027069. 018301, c 84 
837086002, 575 35þ,038509þ,025903,017430 ,00793 
184þ083497þ0555 92037085, 24787066, 0748 
85.08 1065.0 53712, 035659. 02 37 20.015 809. ooo 
86.078704, 51896, 0342 87, 02 2699. 01 5050, oo 6603 
8707641 2505014 1,03 2968.02 1721014339, 0628 
88.074 186. 048445 P03 1700, oz0) 86þ,01 305 7,005 
851,07 2027þ0408071,0304811,019891|,013006,005 505 
0.069928. 045 224, 209309, 19034, 12387, 05278 
391% 067891, 043695, 28 1824,01 821 5.01 1797.004979 
9270659 14042217, 27099, 17430. 01 1235, co 
93þ,0639941,0407 89. 2605 5, 16680. o 1070, 04432 | 
062 1 300. 039410, 2505 3. 159610010191 04181 
95,0603 201,038077[,024090],015274|,009705|,003944 
55,05 8563[,036790þ,023163[,014616|,00924 3003721 ' 
77,05 68583,035546\,0222721,01 398 SS | 


— a - — —— : —— PO OO ROO SIS 


55204, 34344. 021416013385 008384, 0033 12 
053594, 0331 2|,020592 012808þ,0079854,c031 

012257h007604 ,002957 

4 TABLE 


0,0520331,032060),01980c 


RIP st roll. 6% 


4. TABLE of tht prijent Pulis of an ' Annuity of 
"One Pound, on a fingle Life, Jars ng the COR? 
PO ons bt equal. 


4 t 2 1 ger Ct. Amen sec be. 
T 1 
1 rag 15,791 [15195 144544] 124790 g 
919.888 18,269 "16,382 156724607 12839 1 
| 109.868 1,18, 2691 16,852 15,672 14.607] 129% © 
unge 18,460 791 895 16 age 
12 19.004 | 18,049 16,698] 15,517 14485 
131969 17937865 437 144412 
[14119.331 17,823] 16,508 15/456 [£41342 
115]1$192],17,707115,4 to 1542731146277” 
[16[19050] 174588] 16,311 [154189] 14,197 
[1713905] 17,4671 16,209] 15,102 14.123 
[18]18,759] 17,344] 16,105] 15,015} 14,047]? 
119]18,610] 17,220] 15,999 14,923 13 9%½ . 
| 3:1] E E 
Iz 18.305 31 15s 51787 1447 13 7876175 
PZ} 5 88015 66g 1 1499 £ 
$2317 99013 965 Nig 4 13.642 


— * 


1 | 143711 213.565 1 
425[17-664[16;4tg] 151318 14 13,466 

1261174497 16:277 1154197 145235]13,3585] 
128147757 wh 157073 14.128113 282 
2817154898614] 48780 13.486] 
| 29 16, 79 157835 14 81613 90 t 3-083] 
(391.1899 [15,6821 141084. 13791] 12.988] 
r 
ET 16808 145411367 UT 885 


2 
a 
— 
9 
— 
28 1 
co 
— 
S 
3, 
> 


16,436 71444411 [13.553[12.780[ 11.4 
133118248] 154204 14.279 13,450. 12,073] 11,305 
[34 144125] 13,304 12,502 
[35 358 144871] 13.979 13.175 12.449 
+: 5.86 14,659 t 3,329 | 13,044 112,333] 


114 „ 
4 8 
. 1 


a — 
* 3 
1 3 LAY o b - 
* : . 


* Ny | ; 
170. 


n MarraMATIGAL 


4 TABLE ff. N Valnes u Aunuih if 
One Pound, on a ſingle Life, en the.Di. 
-** crements of Life'to be. equal, _ 


Lge Aber Ct. ze aer Ct. 8. $870 670 


257 — Hd 
——_—— 
I _ 
5 5 


14 [12,7 


1521594 


18455 
85260 
15853 
8 14.842 
8 14 626 
14,40% 

14.235, 
13.958 
113.72 
413-493 
113.254 
113,012, 


92,51 


14 12,255 


311729 
11,487 
8 11,183 
1 19,902, 
119,616, 


8 | 124993 


p 


— 
— 


14,824 
14345 
144163 
134978. 
134789 
134599 


13,199 


124784 
12,571 


Tz? 4 
I 1,673, 


11,195. 
10,950 


10.443 
10,181 


13.399 


54 12, 131 


[212908] 
11437] 


10,698. | 


13,676 
13.119 


12909 


4 12630 
12,485] 1 


— 


12,185 
12,929 


| 11,870 


21,707]. 
1 1,540 


'1 11,568 
$111,192]. 


11;012 


410,827] 1 
10.6350 10 
1045 


| 10,247 * 
| 10,039] 


9 29 
9,614 


. | 9055 


8.933 


8.449 

8, 197 

| 7493 
7,072 


12,771] 


124337] 


1694, 


7355 ; 


12.214 
12,09 


11857 


l 705 


1,570 
11,431 


10288 


115142 


100982 
10,837 


1. 9.492 


| 9349 
| 325 
2 


99 77 
Q, 

1 360108 
740.704 
— 
ET 
10, 490 
110,378 
10,263 
10,144 
10,021 


3255 
9.630 


— 


4 90 
9.720 
8,56! 
8.387 
8,208 
| 8,023 

7.831 
ö — 

| 7:63] 

7a 47 
7,216 


$770 


3 [Rap OSIFORY- * 


r 
4 TABLE. of the preſent Values of an Annuity of 
One Pound, on a fingle Life, fappoſing the Db 


'QUES- 


erements of r 
4 1 3er. 4 per Ct. 44 perCe. Lv bps, 
451 7-794 75558] 7-335] 7-319] © 69151 6,555 
ö 7 7.2344 7.0 6,831 6,643] 6,292 
68 1775 6.714] 64534] 6.362 0 
60 865 8.394 6.230 6,073] 5.779 
* 219 6,095 — 4225] 5.05 
17 5.865 5.728 $45 5 468 5.228 | 
52 55383] 5266 5.152 4.937 
7 12 5-029] 4926 4.826 4.036 
151.4452 | $248 81.427 143 4,000 
17 049 5 912J 3.847 3.784] 3 664 
= - 3-575] 3-520] 3-407] 3415-3 315 
78 © 3.163] 3,111 3,076] 3,034] 2,953 
"64 25741 2,707 .2,673 2,641 2,578 
12 


LY MiTazMATICAL 


quits fron IXI. 


ee een 26 be la conſtant 
ratio; that is, ſuppoſing the number of chances for its 
continuance in being one year, to be to the number of 
chances for its failing in that time, as @ to 6; the num- 
der of chances for its continuance the ſecond year, to the 
number of chances for its failing, as aa to bb, &c. it is 
required to find v the preſent value of 1 l for that life, 


| r ; 


$04/U TION oe | 


06) toe pilates df 1} fo ea jor: Then the 
| probably of the given life's ſurviving the firſt year 


3 a 
will be | 7 
aa 


That of ſurviving the ſecond year =} 
' f : : a+b | 


aaa 


That of the third | — 


aps 
Which expreſſions, being taken as the values of each pay- 


ment in the parts of 1 . the ſum of their preſent values 
will be the preſent value of the annuity, .viz. 


2 TT”, | 
TIT! 


which, being a ade progreſion, infinitely de- 
creaſing, whoſe greateſt term-is—=—, ratio 
3 | a=pbxr 


— 


-Rxyos1TORY. 173 


—— xx j =) xs, 


| the fum _—_ ves be the e the quotient t arifing from the di- 
„. by 2 . But 


3 And 1 divided by 


— prin 
n by queſt. 169. part 2. vol. I. 
E X AMF L E. 


Suppoſe a life, the number of chances eG esel 
ance of which for one year, is to the number of ch ice 
for its failing in that time, as 1 to 0,03735, and that 
the decrements of life are in a conſtant ratio, What is 
its pre ſ.ut value, allowing 4 per Cent compound intereſt Þ 


Here a=51jb=20,037353 44 b=1 1937355 — 


Tuen 211503735 
oy ; WE toy 
a+b x 71,0784. ; 
. 1 
a+b en And * PII 12,633. 


QUESTION Duin. 


Suppoſing the decrements of life to be in a conſtant 
ratio : If the value of an annuity thereon be given, to- 
r it is required 
Wn 3 | to 


mi Mutniudsrrcat 
w Kink the probability of dn life's continuing for one 
. 


SOLUTION, 


F the ſymbol be retained as in the laff queſtion; 


. by the reſult thereof ; and it is 
a+pbXr—a 


q required COMET in the terms of N. 
ia | 


Now 42 = (N * 2 4b - =) SF bxrNeV. 
And © abÞalN = a+b X rN; 
Th. — —:iN 


a... IF 
EXAMPLE 1. 
| K N=12,683 and r=1,04 as before, * 12 


12, L0OJZ 
13,1932 And — 9903993 = FF 77 


EXAMPLE IL 


EEE — OC — ce 


If N=10,478, and r=51,04: 
Then « N 10,897 123. and ==, 0404: 


X- 


REZYOSITO ATI. 175, 

„ira 77 87-55 1667 ene 1 

If N= 7,333 and r=1,044 ee 

Then + N=9,626 ; and (A) 9131. 
e 5,333 r 


aus ro LAI: 
Suppoling-the dserectents of life, to be equal, the pre- 
ſent value of an annuity of 11, ta continue during the; 
joint lives of two perſons, whoſe reſpective complements 
of lie are m and #» ( being the greater number) is re - 

s $0LUTION. 

Since the probability of the continuance of the lie, 

„ 1 
whoſe complement is 1, for one year, is — per qu. 56» 


and that of the life, whoſe comp. is , = per ditto; 
alſo, ſince theſe two events are independent on each 


other, it will ſollow (from queſt. 28) that — X _ 
will be che probability.of both of thoſe lives contiouing 
in being one ycar;. and by reaſoning in the ſame. way 
— * = will be the probability thgreof the ſecond 
year; xXx I the third, Gr. Which probabilities; 
being taken 28 the values of the ſeveral payments, which 
will become due at the end of the firſt, ſecond, third, 
14 Ec. 


88 MATHEMATICAL 


&:. years ; and their preſent worths being found, as be- 
fore, it will appear, that the value of the aunuity will 
be expreſſed by the following ſeries, 


NN — — — 39 ds; <1 . # 
nd, = Ge. 
aas, = ES . nmr. 


Of which ſeries n terms, only, will be uſeful ; becauſe 
the life, whoſe complement is m, | 1 0 to be ne- 
ceffarily exrin in a ers. 

No if the rents fraftions, which con 
ſtitute the above ſeries, a by EIT, 
_y will pn Ing, WH 


„ m— ail-cnh * X* 141, 

n= 2 Xmm2== (-- -LEA = X 2-+4s 

33 re E * 249 
of &c : PTE. 


Fat — the above ſcrics may be divized wit three 


k $# '# 
. = N L 


+50) — — * — > by quet Wc 


, ; 


© 024g 1015 angel Campo 1p 
mr” KT jo OAT am. © „ 
| n {it ity 5-0 {by queſt 16. 
3 2mrp — 

"EH rere „e TE 


+ 17 
» * 
— 2 * 
8 0 
* " & ® *. 44 if 0% x 


RzPo$S1TORY. / 177 
Tbe ſums of which three ſeries, being ranged accor- 
(ox ei reſpeRive diviſors and figns, will and. as 


E Ning / 187724 
* 
— Fukw 
— 
T 
nm 11 AF » > 
mY 7 x? . TE Ao — — 
. 


Wo! np 2. 
But 7 X, : x. — —— * 
* A 8 SO 3 * 


aww + „„ 


| Therefqre the valoe of te ani wi be 


=.» T 


* 5 — Nx 


a, WP 1 um X71 


on paring 2; =? (the yalue, of the perpetuity) it 


will be Nn 
o nnr er. c sl % n 


— Tier; | etna 
2 Ar e N.. en 


29 


u e N nn 1877 $44 pp 
N U Nr TN on ginl 


Or . 1 -I ix x 2. 


9 7 % 


F MTA rr 
"'A'though tbid may be the feadielf ö to com · 
bote by, Jet, tor ſotme fubſcttent Purpblks, It y be 


| better to expreſs — en ; 


* PI. =K a8 in cor. .queſt 19. Aidther 


Fl Fel - 


+ — — 7 
nN =I 


n P— . =; 
Or pune apts, 


: 


. 
"IS HEELS * 
Kid (by reſtoring 2 E 


Ms N E E 


What is the value of an annuity of 1 | 
j6ine-lives of two perſons, of the reſpeQive 
CT Oni Juppoling the decrements of life to 
ab e Ao tk n be allowed at 4 


# C 
gon Cents . - my tan © 
1 7 we * 2 — „ „„ - — _ * * 
Sri? oY 


RIVYVOSITroR Y. 179 
Here eee $6-4343 ; ** 5058; + 
r==1,04; and P — == 25" 3 


| Thenp=, 2830487 ee digte ny 
mz rp pi 20 | rern 
| ey ITE — — 3.735636 
3.135638; 1,4584823z —36, 462050 
—̃— —— I 1 —ů— 
PPR 623. —— Rem-.35,402312 
— — 36. Gase S 4% 
8 mi== 1376 1 ——Mb. — — 
Ie 0791.1 80 36, — 


632 


Ad 36818404 N 2216.723475 


bh 25=16,723475 = 278525, the: 
K X AME m 
Ira bl 
What is the preſent value of an aunvity of 11. to con- 
tinue during the joint Lives of two perſons, the comple · 
ments of whoſe lives are ſeverally 43 and 20,-allowing: 
#4. jor Cent. rag ogy intereſt 4 


Here 4331955205 0. 456387. ral r. 


Thenp==0e4$6387: Tro Sas 
a; 
ede 5 — 
10 496% 1,1099 227.7242500 
_ _—_— — : — 25 — — 
62 — 3 20778849 
e 377242308 — 


2918, 728226 2518 the” 
* * 


10 Marni 


EX A. M Pp Ln, i 


| | What is the preſent value of an arnujty-of 14 for the | 
Icint lives of two perſons, whoſe complements of life are 
An ant. Cent, 


Here mge; — een Paß. 
Thenpo,4563897; „ * 
2,04. - 


a. w 


— © = p47 

e * FOR  27,724250 

i "raed Sha 18,799106; 

242 FE=635 y 2747242508 >. 

640 Ky 7 $3404; 2:19 is ' 29,55 1070; 

And 19, 105g s x T 996 

—_— wenge, 158 
the val ve of the angie) required: | 

pris of en o L110 M 


. The. wiſe of ths abore . 
1. whoſe complement u, be a 
known number, as follow: 


— — — — — — 


er . 


- * * 


— ar the annuity, may be con- 
ſidered as compoſed by multiplying the "correſponding 
terms of the two following ſeries, together. 


R IrOos Iro. Mo - av: 
= + tt 60 | _ —— 
= += .+ 21 25 — 0 


The fit of which a ihe rere, — A 


fx 92 


2 X - MX n-—l 


— _— ,” 


3 2X2 MANY 
e prepare x wart 


At 208% zucht con fi eil: 
And, although the ſecond ſeries (being b that 
ſimgle life whoſe complement. is ) is not ſtrietly ſpeak 
ing an arithmetical progreſſion, yet as its ſum js given 
=N; and as r, the ratio of the geomerrical progre reflion 
of diviſors, is not much greater than, unity, it may be 
confidered as nearly ſach ;* and the common difference 


N e K t 6. part 2. vol. I. for the gre 0 
eſt term is 3 and the leaſt term is AA © on 


difcrenc bv —z which, being divided * 22 


82 - 4 | * 1 x is 1 | "000 


* —, — commios'diferehte aum 


Nom, prank 21. the fum of x —_ 2 
ſeries of n e oem Ne 


11% i: 1 e 


j 2 fy 
* & % £ * X — Th N 
> . 


BY 
. * © -4# 


thn MTA cl 


N . ri, — 
= 2X 2 EIN x PX Ts — 


EBXAMPE XK FE 


Wut is the vad ef u Banu of 1 H to evmione 
during the joint lives of two perſons, of the reſpectire 
age» of 43, and 54. Sus example I. afiregoing. 
Here 3 2 2 en yo X=10,478, by Ex- 
ample 2. queſt. 58. 
"Then »—1=31; 67==6,24; 26 — 


$,24)33,000 (4.9679, and 86) 3 l 

„ „ 
e 

” — T4 — wg * 

And 51510 X 0.38572= 2111 2114 


Lien © | Remaitis 8.364 the anſwer. 
Which anſwer differs from the true anſwer, before found, - 
only by being o, oss too much. 


EXAMPLE II. 


What is the value of two joint lives, whoſe comple- 
ments are 43 and 20? See example II. af tgoing. 


* 
— 


a K* 0. ; 
Meri f IR 194, and N=9,455 : by ex- 
ample 3. queſt, 586. s 
Now —1=19 | Ba 20 Tir and 4 86 
6,24) 19,000 (3,045, and 86) 21,000 24418 . FIN 
A535 wa 


—— rigen 

And ger Ne 18551,07 5 
Remains 6,286 5,286 the anſwer.” 
Which i bt ene 


E X AMT L E HI. 


What is the valee of two jolat Hves , whoſe eoniple: 
Bris ie 32 and 20 F dun exiimple TH: afwegetng. 


Here m=325 #2220} — Np,33 33 
Now z—1==19; 6r==6,24; »+1=21; and a4 


6,24) 19,000 (3,045, und 64) 27,000 (,3281253 


* 
5 
: 


N=7,333- | 
r 5 W x lo sula 98) 4 4 
. © + fy 
pr = * Wh! 


7 5558 he Hiſiver; 
Which is but erg rater than the true anſwer;. ond 


none of the above differences are —of a year cpurchaſe.- 


Since the adſvers; obtained by this approximation, . 
differ ſo little from the true atifivers ; and ſince the pro- 
ceſs is ſo much ſhorter; we may ſaſely, in common cn ſes, 
make uſe thereof, for which reaſom it is here annexed. in- 
9 ee 


1. eber. 
l e 
; allow: x op rf ee 
1 ee, of bf to be 4 * the walu 
'of the ol, Be given.” & 13 4 

Let the number of years, which each of the perſons want 
of 86, be called their complements of life 3 ard. let the jun 
of 11. and its intereff for 1: year, (be called the rate. * 

From the leſſer complement ſubrract one, and divide the 
remainder by fix W r find this guatient, in 
table the laft.. 
From n Ie of ths a perfen fires 
the above find quotient, 8 

ee the daft found, produ#t by tte theigreater um- 
plement, an fabtra the quotient from the walue of. th 
ag life, then 1 


nu e W 


= - b | * 1 © 


# w- * 


E x A M. L- d A 


What is the valuy of «© annuity of Bb as 
during the joint lives of 'two- - perſons of the reſpective 
ages of 43 and 543 allowing compound intereſt at four 
per Cent. the value of the life of 54 years being 10,478? 


2 Here (86—43=) 43, i the greater complement. 
And (86—54)132, is the leſſer . 


Aid ( i$;04=)3,64 is the tt: 
Nen 6 15) 91 he divided by (194X6=) 6,24, 
-the quotient! will be 4,968. 


From 10,478, take 4,968, and there will: remain $208, 
Which multiplyed by ( 33212) 25 wil mm 
181,830. 

£ F & If 


* 


RETOSITTOEY. 185 
If the laſt product 131,830, be divided nes 


$6, the quotient will be 2,114. a3 
Which quotient, taken from 10,478, will leave abe 


ſor the value of the ! 8 


QUESTION LEV... & 
What is the preſent value of an annuity of 1 L to 
continue during the joint lives of two perſons, each aged. 
{8 years, ſuppoſing the decrements of life to be equals 


and that compound intereſt be allowed at 4 per Gent. 


$0LUTION. In + 
The foturion of this queſtion may be deduced ſrom 


that of queſt, 64 ; for if the two of life 1 
and 1nd # be equal, ic will follow that, m+1i= 22, 
r=; * So, 2 n : Thereſo.e the 
value ef the antuity will be "to; 
* 1 
Ir 0 . relle vg 4 a 
+ NI a | | | | 
PP * * | 


— 
That is = Xen XOX m3 


Or in order to ſhew its connexion k 
wik lone following ſolutions FP: 2+ 


1865 e 10 
In this eaſe; err 


i cum 77475 2#=q6, PP= 625, 
2 3. he ll 
725804704 Rems. 36,4893 25, 
= : 23 5 „ 


29519975 Now $7,949806025=164445 1 
' And 25—16;42534 ts =8,57466, the Salbe required, 
E Scnotriun. But if V. the value of che ſiogle 1'fs 


whoſe complement is #, be given; then, by the ſcholium 
to the lait n the value « the ou will be 


nearly, ; I 
— — — | +1 I 
NX 3 — : SPS. Or; beeauſo 1E = 
2 I 277 OE? 
—1 i nol 1. 
be aerix 


Now is obſervin; the operations of the laſt queſtion, 
it appears that the reſulis, obtained by the above 
approximation, "are great chan the truth: There fore, 
when, 1 is not a very fmalt number, we may ety n 


et 
by, the quotient will be diminiſhed a little ; and wm the: 
annuity will be worth, nearly, 


* 1 
+7 * =) - +5 X * 
Which, in words at length, follows: 


* 


x=($6—48=) 38; r=1,043 nen EAN | 
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TI Rale fir finding tht preſtur vue of a a;, 
y continude during the joint Bot off two perfins of equat 
agen, having the valut of the fait Ir given, ſufyefing 
the dicrements of Aſt ic be" equal, au alben camp 
intereſt at a given rate. 

Let the number of years, which the given aps wants of 
86; bo called the complenient of Iift ; and, bt the ſum of 
ane pound, and its intereff for ont year, be call the rate. 

Dive te give ere fe by the com- 

t of lift 3 alſo divide unity by fix times the rate, 
(which laſt quotient is in the firſt line of table the loft.) 

Aid thoſe two quotients trgether, and multiply their ſum 
by the complement leſs one ; then ſhall half the praduct be 
the value of the annuity. required. 

EX A: MP. IL. EX I. 

If the given age of the two perfoty” be 48 years, and 
the rate of intereſt four per Cent. then the value of 
the fingle life will be 11,748. 9 

Then (86—48=) 38 will be the complement of life, 

And (. i+,04+) 1,04. will be the rate. 

Then, if 11,748 be divided by 38, the quotient will 
be 0,30917, and if one be divided by (6X1,04=) 6,241 


the quotient will be o, 16026. 
Alſo if o, zogiy be added to — ad and the ſum 


$/46943 bv motripiyet by (39==r=) 35 te prodoct wilt 
be 17,3630 ; the balf of which, wiz. 8,681 5, is the Var; 


he of the annuity required. 
EXAMPLE II 


If the two peru be euch 61 years öf age, aflowing 
compound intereſt at the ſame rate ? 
Then. 
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Then 10,478,. will be the value of the ſingle life. . 
 (86==54==). 32, the complement of life; 
And 14+-,04=) 1,04, the rate. : - 
No if 10,478, be divided by 32, the quotient will be 
o, 3275. | . 
Then (0,3275+0,1603z=) 0.4878 being multiplied 
by (32—1=) 31, prodnces 15,1218; the half of which, 
Viz. ae ran 
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QUESTION LXVI. 


tha\dicredhents of Bi to be is 6 conftant n- 
tio, let there be two lived, the probabilities of the con- 
tinuance of which for one year ate reſpectively æ and 
It is required to find the preſent value of an annuity on 
rn 
parchaker? _ 


Rafi on FIT K 


"che retails ect its" A of in 
the lives contioging the firſt year will be xy, the ſecoad 
year xxy, the third year x* y*, &c. 

_ Which expreſſions being the value of each payment; 
their preſent worths e 2 * 
Bll Gli of th mate) des 3 


Which is a geometrical progreſſion infinitely creating 
(for x and are both leſe than unity) - whoſe greateſt 


e 5s =>; ratio =— 3 „. =) | 


T_T 


- ib 


* 
6.5 % 
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_ . Therefore the fur thereof will be =; which 
«the value of the annuity required 


- QUESTION, Nun. 

Having given the values of the annulties of two fingle 
fires (computed at a known rate, per Cer.) to find the 
value of an annuity e allowing com- 
pound intereſt at the ſame rate, and ſuppoſing the decre- 

IR ADAIR 


SOLUTION. 


Let the given values of the two annuities be N and M, 
and ey the amount of 1 / in one year. 


Then, (fince the decrements of -life are in 2 coſtae 
ratio) * probabilities of the continuance of thoſe lives 


N NM 

, h 5 : | — 
eac for one year will be reſpectively ,—— N Fa 
by queſtion 63, which probabilities being ſubſtituted, in 
the places of x and y, in the reſult of queſtion 66, (vix. 


= erer 2 x 


Jo Ae IH 7 Era of ef 
1+NX N b 1M Link 


| enn | 
That is LAY re AE 
1＋ N* | 1p Mr TI Me 


will be the value of che INN. required. 
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Which is the theorem given by the celebrated Mr. D. 
of annuities og 
an who argues thus : 2 
4 Although the decrements of life be not really in 1 
„ conſtant ratio; yet as the values of the two ſingle 
„ lives ate determined, the combinations of two or mo 
© doch lives will. be, nearly, the ſame. with the combiaz- 


* tions of two.or., more lives whoſe decrements are ins 
© conſtant ratio. 


E X A MFH LA S. 


hs What is the value oi an antuity, on two. joint 
— which ſingly computed-(at 4.4. per Cent. per fawn) 


are caſpeRtively, worth 12,683 and 10, 478 


Here 11,683 XK 1 1,478 =157,053 
Aud 12,683 NK 10,478 X 1,04==138,208 


Wn; avs 18 7845) 38, 20807 330 


II. What i is the value of an annuity. on two joint lives, 
Which fingly computed (at 4 / per Cent. per Annum) ar 
reſpeAively worth 12,083-a00 7:333 9 


Here 13,683 * 8.333 =} 14,020 
"And 12,683 X 7,333 & 1,045= ee 


6 17,395) 96,625 (5.554 


- — * 


II. What, is the value of an annuity on two joint 
lives, which ſingly computed (at 4 /., per Cent. per Ann.) 
are 9 worth 10,478 and 7,333? 4 

425 ere 


* ** | . 
* - 1 a y : - 
ro | * 8 „ 2 
e __ | 


1% Ros 1. % gt 


Here 11,478 K 8.333 25.746 
Aud 925 8085 * 7.335 1,04=79,909 


2 5 

bs 153897) 77,999 (5, 645 
5 8 C H O L. 1 UM. 

ple if theſe reſa'ts be cmpacd wich the anſwers, upon 
re of equal decrements of ſiſe tfpund by queſt. 
JJ 64 ) the values of the ſingle lives, given in the above 
1k examples,” being the ſame with the values of the ſingle 


lives of the ages, thercin mentioned, it will appear that 
this rule will give the ralues of Joint lives, * 


.& than hat. . : 
int 1x1 Parefio wales of + 2 ue ef eh ages 43 — - 6 
n/ 54 is * 


The ſame by the above » += - = 1-334 


— 


Diffreace „„ „ Üͤ — M WT Oe 06,9424 


The * of 2 lees ot e 43 and: 66 is 6.2723 


Tube ame by dhe abovre 685845 
es, — „%3ß—¼. „„ | CR 
ale 


The * of. 2 lives of the ages 54 * 66 i is 5, 907 
The Jae. by the abore 60455 


tf; Vi 


Difference” - '> - «: - „60863. 
54 Which differences at a medium are about 4 of a year's 


| purchaſe, 


int 
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= Coro”, 


; If the lives are of equal ages, then the value of the 
unnuity on their joint continuance will be 
. rNN 


QUE ST ION LXVIIT. 
The preſent value of annuity of 1 J. to continue dur. 


og the joint lives of two perſons, of the reſpective ages 
of 10 and 31 (at 4 per Cent.) according to the table of 


obſervations, deduced from the bills nn. is 
un W 


— $OLUTION. 


If he probabilities of the continuance of to - reſpeAin 


two lives, for one, two, three, - Cc. years, be taken 
eee they will be as fol- 


ö "4+ 23 


boo, a. ; 
For the life of ES =, 50g 
For the liſe o To years bag 97 — Se 
For the life of 3 1 years FP 1349 * Se. 
a "m0 376' wes. - 


| And conſequently the vrobab; lit of their joint con- 
- *© Yinuance for one, two, three, Fe. years, will be 


$17X367 510X358 504X349 ” o 
524X376 524X376" 524X370 125 t worths 


which, vin. 
; 517 


* Rx#orirornr," tg; 


517X367 9 — g10X538 __ Foix 


$24X370X 1,94 Face 1,04 Faces 
(6 will be the value of Be agiey required. 


-However tedious the numerical benden, (deduced 
ſem the above) may appear, no demonſtrated method 


that will ſhorten it has been publiſhed: for which reaſon, 
it has been thought proper to compare the refalt thereof 
with the two N _— ou wo 


As this a Gabe of FFORY having two faftofs 


two are invariable); the value of each fraction will be 
ally obtained by a logarithmic proceſs ; previous to 
which, it will be neceſſary to find the logarithm of the 
0 of the two invariable a | thus, 


Log. of. "24. * * . | = 


"Log. of $376=23;752 
47 | — g 
Lg. ofg24x376=5,8345 - - 
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198 MATHEMATICAL 
Mr. Simp/ex has obliged the world with tables of 
the values of lives calculated from the Londen obſerva. 
tions, in which the value of the fingle lives of the 
ages of 10 and 31 (at 4 per Cent.) are ſeverally 16,4, 
and 12,9; which being uſed for the ſymbols M and N 
io queſt. 67. will give Mr. De Meivre's 
to the values of the above joint lives, wiz. 


17,4X 13,9 ==241,86 
16,4 * I — | 


Ae 21,84) 220,02 (10,07 the value of 
the annuity ; which, if compared with the above, is 
above 4 of a year's purchaſe $00 little. 


Again, if 12,9 be uſed for N, in the rule given in the 
{cholium to queſtion 64; that approximation to the va: 


lae of the joint lives may ftand thus. 


(86102); 6:=m1;($6-—3 12)55554; And(1, 49,045) 
1,04=r 1,0446=6,34; And 6,84) 54.00 {8,63 ches 


12,98, 624,3 


Allo (354+1=) 568, 24083 apd (2x 765 153: 
Then vo 240,8 6 0 


Laſtly 12,91, GI 1, z, the value of the anauity; 


| which #4; e gk 


'SCHOLIUM. 


It will be very eaſy to account for the former ap- 
proximation being nearer to, and the latter farther from, 
the truth, in this caſe, than when the decrements of life 


were ſuppoſed equal; for the former, which is founded 


on the number of the living being in a geometrical pro- 
greſſion, is now better adapted to the numbers in the 
tables of obſervations (which the farther they decline 

| | from 


«2 S. AS 


ere ere 


% © © - 


w —_— _— Py ed. A" 


*Rxroziroar, ty 
76m being truly arithmetieal, the nearer they will te- 
ceſſtily approach to the being geometrical) than it was 
when the number of the Tiving were ſappoſed to be an 
xithmetical progreffion : And on the contrary, the lat- 
ter approximation (being founded on the ſummation of 
the ſeries of products, made by the feparite terms of two 


arithmetical progreffions) moſt neceffarily be farther from 
the truth, when neither of thofe progreſſions is ſtrifly * 


zrithmetical, than when but one of them was other- 
wiſe, 

However, when we conſider, in the queſtion before us, 
that the life of 31 us truly found by the table of ob- 
ſervations, and that the numbers uſed in the life of 10 
(which may de ſuppoſed to be as ydung as will commonly 
occur in practice) contain, greater deviations from an 


\ 
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of 


N 
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k l 
f 
\ 
f, 


vithmerica ptogreſſion, than any elder age can; we may 


conclude, that (when the value of the younger life- i 
computed Nom the tables) this approximation will never 
exceed the truth, by more than & à year's purchaſe. 

Asad if we farther confider, that the bills of mortality 
of London make the value of a ſingle life leſſer than the 
other methods of computation do; we may conclude, 
that ſach exceſs will not exceed the real value of the 
joint lives of ſuch perſons as live out of that metropoli: ; 
or even in it, if they live temperately. 

Mr. Simpſon, has given a very eaſy approximation 
(by the help of the tables of equal joint lives, io- 
ſerted in his treatiſe). which in the ſolution of this ex - 
ample comes extremely near the truth ; but as he has 
thought proper to conceal the, means he uſed to 
attain it, and as it would take up a great deal of time 
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and labour to try it in other inſtances, Iam, much againſt 


wy will, obliged to omit it, together with many 
| K 4 others 
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others (therein contained) which if true, are equally: eur]. 
ous and uſeful : And the very ſame thing happens, with 
regard to the rule given for this purpoſe, by Mr. De 
Aare, in the ſecond and third editions of his treatiſe of 
annuities on lives; which, be therein ſays, was originally 
derived from that above given in queſt. 67: As 1 
have the honour to-be intimately acquainted with him, I 
. defired that he would be ſo good to give me the in- 
veſtigation thereof, in order to have inſerted it; which 
he readily promiſed to do; but has ſince told me, that 


be cannot find it among his papers, rn 
rein the manger of doing it, ner 135 


1 


eic 


QUESTION. LX. 


Soppeſiog the deerements of life to be equa), che pre · 
ſent value of an arinuity! of 1 J. to continue the 
joint lives of three perſons, whoſe reſpeQive'complements 
of life are 7, , 1 2 N N 
Oy". | 


6s 1 Þ& 347 j 


$OLUTION. 

rs 2675 128 v ; EW 112 | WW e370: 1. 

Since the probability af the continuanee of the life, 

whoſe complement is 2, for one year is _ per queſt. 56, 
err ,whoſecomplement iom, == dino. 


Tbatof the it whoſe crank is, —— per ditto; 
| And, Lace theſe thong arent are bare each 
cther, it will ſollow, that— * 27 — will be the 


pro- 
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probability a three lives continuing one year; 1 
' 
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222 122 


and by a like manner r of reaſoning = 2 


, will be the 9 of their continuing the ſecond year | 


—3, 
neu | the mig year, 6 Ee: 1 


1 * 

Which probabilitles, being taken as\ the va — of the 
ſeveral payments, which will become due at the end of 
the firſt, ſecond, third, Ec. years; and their preſent - 
worths being found, as in queſt. 56, it will appear that-: 
the value of the: n ana he reeds by TW, 
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—1.—7 —1 —2 2 LR =: FI.  f= 2 G. | 
Of which ſeries, „ terms, only, will be uſeful ; be- 
cauſe the liſe, whoſe — is 5 is bee to be 


neceſſarily extinct in years. | 
Now, if the numerators of * the! terms of the als | 


ſeries be expanded, by the — of, their: 
ſeveral factors,. they n — 
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And thereſore the àbore Fre 105 be-divided into* 4e 


other ſeries, wiz. 
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Which ſeries, being famm'd by queſtion 15, 16, 1), 
and 18, ſererolly becom 
8 . 12 . þ is the preſent worth ef) 
n e' II due at the end of 2 years, 
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' To; conſider theſe in their enter let us begin with the 
numerators of thoſe four ſraQtions, whoſe common deno- - 


minator is n x : is 
TH» Tu po m mts, s 

TT op eee, 
— * mn =.. 
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ABA, 5 === J 


The ſum of which is . amt | . 
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fractions. 
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Here, if we put W — 
De- en Þ+ mrp e, 

r n 25), 
And ix z 11 K +31"; 
The ſumofwhichis= EE EET 65 
. —— 
. —— G ohot 

Therefore the value of theſe ehre ree fraftins will be,. 
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— with rn a 


— e eee be antd, a. 
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Parks 


Now, 
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contracted as below, will be the moſt expeditious ; but 
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Now, in order to ſhorten the firſt expreſſion, ſubſti- 
N e and f- t, as before, 
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E X A M L E. 


| What is the preſent valug of an annui of 1 J. to con- 
tinue during the joint lives of three perſons, whoſe ages 


are 43, 54, and 66, allowing compound intereſt at 4 


fer Cent, 
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Now f== ©,456387; 17 0,5436135 = 3 


EY "#76 7 * -- "B20 © 3 
125962812 · £7. Tory +. {-15-973545* 
— — — 


— 222828 8 en 
Rems. Waadt 161,21 3066Rems79,026495 


—1909,714825 — 84,825375 2:94, 
e D 
a 1 | 76,388595: * e806. 
25 N 
PP= 625 — 43 
ien 1909, 7 14 825 t= 43 
— | — — 
650 rr 1376 
3 = 20 
£3 #4 2% Jp g p -P 1 % : = — : W 1— 
1 5 5 
3 | 650 1 
WA ee ese 27520 . % 1 
Then (25—19,84775= = 51258. will ll be he preſev 
value of the annuity, | 


$CHOLIUM_. 


a 


ISAT proceſs is very tedious, z — 
agreeable ſervice ta ſhorten the ſame, by an approxima- 
tion, fimilar to that in the ſcholium to queſt. 64. 

The ſeries above given for the value of this annuity, 


. — ED — 

"OO nmr __ mtr 
(n), may be confidered'as compoſed of the producls of 
the correſponding terms of the three following ſeries, 


4% * .* 
* ** * 
R - * _ N * 


* 
R-. 
n 


210 r 


| je N 272 0 
= + = 422.4528 {ﬆ), 


„22 += A— yy 
ft I + Sh) 


The two firſt of which are arichmeddcal progrefſions, 
and the laſt (whoſe ſum we ſuppaſe to be the known e 
quantity NJ} may be taken us ſuch, without a confiderab'e 
erer. | Nl | 


f the | 


and the ſam o 
- # terms 


Henee the expre ſſion, given in queſt. 34, for the ſam 
of » terms of ſuch a ſeries of produfts, viz. 


wry 2 


X 4% A, may be applied to this caſe, by making 


Lo 2 31 I 
+ old DP" i= 
"W 3 En 8...» eee 
IM r — . 
— þ 
2. 5 8 


SOIL x 


 RgayoSir ov. 


4 


The difference „„ 
which will be J 2 27 Ze 
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f | 
neon ens 


To which expreſſion, if = = in i will bene 


N x I=gx fe, : 5 7 —— 


The above, expreſſed in words at length, Hallows : 
The Rule, for fading the groſent dal of an annuity, 
to continue daring the joint Foes of thrte perſons of given 


ages, allowing © tow Mega, a given rate, ſuppoſing 
the decrements of Te t and the value of the ole 
e to be given : 


Lute ain of put, that each of the 8 
of 86, I. called their complements of lift,, and lit the ſum 
ef 11. and its intereſt for one year,. be called the rate. 

To the de, complement add ene, and divide the jum by 
the double of the next greater complement, calling the que- 
tient q; let the ſame dividend be divided by twice. the 
rate complement; calling that quotient Q: N 

Sultract each of theſe quotients from unity ; multiply the 
remainders together, and their E UD the 
oldeft life, calling the pruduct p- Kerk 

Add the two. greater complement: ker and double 
their ſum from which fubtra# the leaft complement and 
three ; multiply the remainder by the firfl found quotient q, 


; RnavoSI1TORY, 7 21g 
and that produZ? by the number which in table the laft, fand. 
en line with the leaſt complement leſs unity, and under 
the rate of intereſt, | 

| Divide the laſt found product by twice the greateſt com- 
„ and lt the la found quatient be added to the 
alove prode# p, fo ſhall the fum be PO CY" an- 
benen ee cn i ate och 8 I 
EXAMPLE | 

| What is the preſent value of an annuity of 17 to 
continue during the joint lives of three perſons, whoſe 


ages are 4.3, 54, and 66; allowing compound intereſt at 
41 per Cent. her linun, the value of the oldeſt life be. 


5 


irg 7.333. "x 5 


Here (86—68=) 20 the leaſt We * 

© (86=54=) 32 the next greater complement, 

(86——43=) 43 the greateſt complement, 
And ( 1+,04=) 1,04 is the rate. SP 
4 | 


If (20+ 1) 21 be divided by (2 x 2225 =) 64, 
the quotient, 9, will be ,328125 ; And if the ſame di- 
vidend, 21, be divided by (43x2=) 86, the a 
Q, will be „244186. 

The firſt quotient (=, 328 125, being ſubtracted from 
unity, leaves ,671875, and the laſt quotient (9=),244186, 
being ſubtracted from unity, leaves ,755814 3 which re- 
mainders being multiplied together, and their product be- 
42 multiplied by 7,333, produces 3. 7237 the prox 
uct p. f 
The two greater complements (3 2, and 43) being add- 
ed together make 75, the double of which ſum is 150 
from which, fubtracting (the leaſt complement more 


three =) 23 the remainder will be 127 ; which remain- 
| der 
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der being multiplied by the firſt found quotient (4=) 
328125, and that product by 3,0449 (the number ſtand- 
ing againſt (20—1=>) 19, and under 4 per Cent. in table 
the laſt) will produce 126,8863; which being divided 
by (2x43). 86, will quote 1,4754; to which adding 
the before found product 3,7237, their ſum 1995 
will be the value of the annuity required. 


QUESTION IXX. 


_ Sappoling the decrements of life to be equal, required 
the preſent value of an annuity of 1. to continue dur- 
ing the Joint lives of three perſons, two of which are of 
the age of 54, and the other 66; ang compound 
intereſt, at 4 J. ang 

This queſtion way be anſwered ſrom queſtion 69, by 
tn; for then 


3 . 1 

 mþt==2m;mi==m; And u- -N, .- zm 
That is -= n = ( n-) m=n ; 
mm'; n+m+t=n+2m; And -C- N 


Therefore the value of the annuity will be 


— 8 
— 


= | 
pe EP * -r. 
1 nm xr—1 


rene 2 


a XxX Fob. 1 u XN. 1 
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Which expreſſion {potting - — r 
aur DN vil become, 
NI 
| 5 
2 N -PX CET TY 
og N . 
8c n o LI UN 


on if the appronimation de. in the ſcholiam) 
be applied hereto, Thea, 


ed 
And the value of the — will be 
Nig et a — . 


If the above queſtion be anſwered by the firſt method; 
then #==20; m=323z =I, od $50,456387z & P=2x. 
„= M X m=2304; and ddþ==65,7197 


| Alſo z X m—ddþ = 2238, 280272. 
„N 84; 2 = 
73.0467 12; And 73,046712 X 2,04 = 149,01 5292 
1-$=0,543613; rþ+2=3,04 and ＋2 — 36,2416. 
Then o, 543613 & 6, 2416 X 25284, 825275 i 

Now 149,015292 — 84,8252759, = 64,190017; 
64,190017X25=1604, 7 504253 rPP= P=650;a0d nn = 
20480; 


201078: 


| — —— — — 
Then 2238, 7 2002731604, 750425 = 
Laſtly 


* 
» 


10,953288; 84 — 10,953288= 


arcs MaTtHrwuavrical 
Lafly 252,107 1=4,8929, will: be the value: . 


The latter method, exprſle in words at hun. may 
ſtand as follow: 

The rule to find the preſent walue of an n to con- 
tine during the joint lives of three perſons, two, of which 
are of equal ages, and the thirl of a greater age than tithe; 
of them ; allewing compound interg af a given rate, ſuj- 
r ed, cake of the 
oldeft life to be given. 

Let the number of years, nn 
86, be called their complements of lift; and let the ſum of 
11. and its intereſt for one year, I called the rate. 
To the leaft complement add one, and divide the ſum ty 

werden arthe's-ruab calling the quotient q. 
;  Subtra# that quotient q from unity, multiply the ri. 
mainder by itſelf, and that product by the given value of 
the ala life, calling that laſt produdt p. "HS 5 IPRS 

From four times the greater complement. furan the 
Eher complement, and the number 3 multiply the remainder 
' by the number, wobich in the laß table correſpnds to the I ſer 
complement leis one, and rate. Alſo multiply that produ?t 
hy. the above found quotient q; then divide this 2 
by twice the greater complement. 

To the laft found quotient, adi the before found prodet 
p. and the ſum will be the walue of the annuity required. 


The fame queſtion anſwered by this rule. 
Here (86—66=) 20 the leaſt complement. 
(86—5 4==) 32 the greateſt complement. 
And ( r-+,04=)" 1,04 the rate; alſo 11333= value 
of - oldeſt life. 
. (20þ 1=)21 be divided by * 64, the 
_ q will be 0,328125. 
1 The 
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0,671875 3 which remainder multiplied by itſelf pro- 
duces 0,451415, and that product  maltiphed by 7,353 
will give 3,3102, which call p, * 
If from (4x32=) 128 be taken (20þ3==) 23. the 
remainder will be 105; Then 105x3,0449%6,3281 25= 
104,9062 3 which Sn] divided by (3332=)6g 


= will quote 1,639 1. r 
Now meer vaters cin the raloe of the. an- 
paity | * * 


- - - « * 4 * 
: * . = * - = , C * - * » 0 q 
* p * 3 : ” ?. 4 _ l y o & * - . 


K required 
the preſent value of an anguity of 1 I. to continue during 
the joint lives of three perſons, two of which are of the 
* of 65, and the e 435 allowing compound in- 
n n 


Thi Eee may ele om gt 69.b 
making = * uh 


eu e 3 

u:; mb A; And . N 
Tb NK „or nmt=n"(; 
n+m+t= e And m+t—2nmim—n: 


| Therefore che value of the angry will by mes 


© 


8 2 
1 N | Ut. 

+ S 2 — ä rl 
| > Cy „Ni 


Von. II. L Wich 


* 


'$CHOLIU M. 
Feser he method bre inthe a lan to qu 
69 hereto; * 

— — hug EDN eT5 — 
000 „% 6 


. 6 1 a - Wh : ' 
1 4 . . 
9 
Tbereſor . value of *. ty will be 
* N 1 4 of fore * ue - * & annul , * * > 4 * 
— 15 2 — . & os * 8 *F - , — 


nb 2—1 5 . 


— 
Now PRE — 


Th. NX 1- — — —, — 


. — c „ . 
r r 


N — 
That is X21. *: — 


Alſo N D* the : Xx 


bed the value of the annuity will 150 | 


x +. a+» 


yx ix ＋ 3 *. | 
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| The above queſtion performed by the firſt method 
where n2=20; F243 loft $220,456387; P= E=25} 
n+2t=106; 106X202=2120; 2n-pr=83; mm —=u==23; 
ee which taken from 83, leaves 

72,503099s And 72, 503099X2,04=147,9063228 


1-p2=0,5436148 7 36 %% 
And 0,943613X6,2416X25 = 84,828 


— — — 


Then: ieee eee if 


Alſo 2120-1 $77,0225X- — = = 20,5195 - 


mat 9 bee is "the value of the aig 


+ hs lair merhol (expreſſed jn words at gh] may 
102 as follows. © 


4 Rule wind. the: fri — 
ee dans. eee e perſons, tao of 
which are of equal agen, ani the third of "a leſſer age 
than either of them ;\ albwing compound intereſt at 4 
given rate, ſuppoſing the decrements of Life to be equal; 
hers Apna. go of the elder lives to be given. 

Hh of years, | Which (each of the perſons 
want of $6 be called their complements of life, and let the 
A of 1 | an its intereſ for ont year, be called the rate. 

From twite the greater complement, take the Aer com- 
ment and one; multiply the remainder by "wo given 
value of " the elder life, calling the product p. | 

To twice the greater compliment, add the 8 
from their” ſum ſubtra the number 3; multiply the remain- 
der by the number which, in the laft table; correſponds to the . 
ler complement more one, and rate. 

To this produ, add thr above found produit p; mullii- 
r 

the 
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that praduct by four: times the produf? of the. baun com- 
pion. AAS . „ eee 


1 
2 


N . ties . worl'd by thi 
Ruler 

Then 7,333 n 
Alſo (86—66=) 20 will be the leaſt complement, 

| (86—43=) 43 will be the greateſt ditto, 
And (1404=) 1,04 will be the rate. 


Now (43X 2=) 86; and (86—20—1==) 653 Thea 
(7,333X65=) 476,65 =p. 
| Again ( 2X43=) 86; and 864-20=106; Al 
106—3=103; Then if 103 be multiplied by 3.3654 
(the tabular number) it produces 346.63. 
If the above found product 476,645, be added to the 


| faid product 346,635; the ſum will be 824, 280; which 
multiplied by (20—1=} 19 produces 15642,320; and 


that product being divided by ( 4>(43X20=) 3440 
gt MANY ers deer 


* 


. | | * % 1 - : 
— a 
— — 


QUESTION: IXXII. 
Suppokng the decrements of life to be equal ; required 


the preſent value of an annuity of 1 J. to continue dur- 


r 


age; l. 


" "This queſtion knee be nerd from queio 
69,. by * ſor then, 


——— — — 
a - o; and . 
Tbere· 


< 


' Revosrtebay, 2421 


- Therefore the value of he annuity will be * © 
Which expreion (if =; == 2, & &. min 
ca), to en will bcoms 
44% 4 5 4HEBL nw CY oe! 4 
3 2. 

— rg, n 

If the method ins in the helium, be ne 
hereto ; then, 
ts = Ein, : iT} 

And the valas of the annuity will be, 5+ the 7 
m wwe 


S * 
11 wer PLES 
ee or IX EN * 


K 4 2 ® 
— - 1 


continue d 
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Now fines . i, Aid eee 
Therefore = may be wrote for 1 for the 
fave reaſon" — 65. n 


” - 


annuity will 


— wo 4 — — ” 2 
* «a _—y 


F So EE —_— 


— or oe neat 


Then P=25; Sb 3310800 * 
| 1378412 le 


155 e cht And 


— 1723015 
7 W = 172,Þ * I 1 


oe T 44 2 
as {= N 
„K 
* 


Wn 273.625 e ®. 3 wen of 


the annuity 


The 
2 + ltr werkgd, arg n ele. gay 


The Rule to find the preſent paly of ay anni, to 
the joint i, | three- perſons of the © /ame 
age; the value of a fongle life of that age being given ; 


allonving compound interefl at a given rate, and ſanpiſiug 
the decrement of life to be equal. 


Let the number of years, which the giogs age- vant; 
oft 86, be called the complement of Vn 3» and let the fum 
of 11. and it's intereft for one year, be called llc rate. 


{th pln of Os od, and divide the fen by 
twice 


A 


Rees rest 9224 
awice the rate; or take three times the number which, in 


{able the laft, correſponds te the complement more one, and 
rate. 


I life, and multiply their ſum by the complement lefs 
tao; dude the prodult by fuer times the \complement, and 
the quotient ewill be „ hy 

The above queſtion anſwered by this rule. 

Here (86—66=)20, will be the given 7 liſe, 
7.333. the value of the fiogle life, - 

And (1+þ,04=) 1,04, the rate. 

Then (2015) 21 being divided by (2x1,04=) 268, 
will quote (or * W 
| by z will produce) 30,096. . 

And (10,0967,333=) 17,429, king maltiplied by 
(202==) 18, produces 313,72 3 which being divided 
by (4X20) 80, will give 3,921 5 nn a 
innuity required. 


©. " : AN 


88 


: y | . TE. —_—_—_— 
| C1 We 4 6 # v 2 * | 
** 
Qu BS TIN INN. 

* * 5 


Suppoſing the decrements of life to be in 2 coſta 
ratio ; let there be three lives, the probabilities of the 
continuance of which for one year are reſpectively æ, y, 
and x; it is required to find the preſent, value of ay an 
puity, on their joint continuance, niche — 
intereſt to the purchaſer. {14644 


23 8 OLUT x O N. | 
By reaſoning, as in queſt, 66, the annuity may be 
expreſſed. by the rig 
2 25222 | 
— ＋ 2 + 2 G. 


772 ? 


4 


— 


— or produf?, add the wakit of the 


* ſum h = found in the. ſame manner as in 
that queſtion, | hs QUES- 


. | Mas 112 ner 


4 n 


a EST 205 fa, * 


_ gives the valves" of the annuities of three 
fingle lives (computed-at a known rate of a intereſt) to 
find the valewof an aanvity;"for their joint continuance, 
nnr , 


yu SOLUTION. 3 
4 | 26 ee erent be N. 1 
and F; and - the amount of 1 l. in one year: © 
Tpben, ſuppoſing the decrements of life to be in a con- 
eme of thoſe 


lives for one year will po reſpeQively _ 
IN va 


V e queſtion 63, which expe 
Bons, W 


MX For *NMF 


. ; for the value of 
 14+NX Fe 
the annuity required. 


— 2 — joint lives; 


which fingly, computed at 47 per Cent. are reſpeclirely 
worth 12,683; 10,478; and 7,333 | 


14,683X11,4788, 334 + - =1308,7266 
12 ,683X10,478X7,333X1,04" =1054,0198 | 


356706 1054,0198 
(41382. 


m. i I» 4 v 
- $CHO- 
: 4 


R% 5 i 225 8 g 


a s n O e 


Ir this reſult be compared with the anſwer hound yer 
8 it will appear a ad cole; give aid 


For the value of the lives of the ; f 
54. and is — (the 89945. } $4523 


Dns s - tn 1 


1 
* 91. * n 4 


COR O abs 


I the lives are of equa ages; LEY value of the 
annuity, . on their joint continuance, will be 
005 43: « gp e 09747 5 


— — 14 
N | . 


| = N | 


1,0141. 


c © O 2. 


Since the value. f two equal joint liver ks 


e ua the value of, have equal join 


lives 2 "Th it will 2 Hat ihe _ o& 


It may be thought, that (as in queſt. 68. the value of 
two · Joint lives was computed, from the numbers given 
in the table of obſervations, deduced from the bills of 


W e London, fo) we bere ſhould compute the va - | 
L 5 lae 
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fac of three joint lives upon the ſame principle ; but as 
we then found, that value to be between the reſults given 
| by the two kinds of approximation, which have now 
been conſidered a we may reaſonably expect, that the 
mme will happen in this caſe ; and conſequently, that by 

| taking a mean between them, we ſhall not be far from 


* 13 7 r | oy. - ” * 


* 2 , .*3 SIE . R X — 


_ — 1 


— 


um 


| | ; 
8 -vap oo Abs 


QUESTION . 


' Soppofing the deeremyevty of Im yo a the va: 
RAGS: on four equal joint lives, Fol} 


"SOLUTION. 


Let = denote the compliment: of each of thoſe equaj 
lives, and then it will appear, by Faaſoning as in the 
Peg n 


O 


= * 1 242 1173 2 = = (ﬆ), Or 


* 


—__ 


1 — 
* 1 muy” © © N 7 
* — 12248 8 — 1081-31 
4 — 4% ws 


= — 


11 


* 
— 


1 TroarTORY “ 2½%᷑ ¼ 
e — cha fllwing rk: 1 
E FITS 9 


Which big Gat by qui 4355 x6; 17. 
oe. will ſeverally become — 


* 12 1— e u profnt worth of 1h ae t 
5 . eren?) 


„n 
| FX. 
aw r . 


% ot 
* 


— 


=: 


 ManmwzxaTiCar 


1 
— 6 


* 


N ; I a 
"Xx ; | 
4 e 4 


| X= N 2 


* . -— 1263 — 
N = = EPI 
—1 7 r 
— . * on — 7 xk 
X- 2n*Xr=i N 
— 2 22 — 
* k an Xl "my 
| tet: D 129 17 — 
n 4 * * 


Now in thoſe fire. fraftions, — 
are ,I, all the pumerators are multiples of »*; 
and conſequently that quantity will vaniſh, and the de- 
+43; =t; , 3nd 5, being collefied by addition, 
booms unity ; therefore the ſum of theſe five fractions 


will be —-- , 22 EE 
In thoſe four fraQtion*, - whoſe - denominator are 
* 15 „ all the numerators are multiples of n*; 


' which being cancelied in both numerators and denomina- 
ö , tors, 


* 


tors, the denominators will become a: And the 
yumerators (omitting the common factor ) —=4,449, 
—1 2f, +1 2p, and — 4p, being added together become 
I ; therefore the ſum of theſe four froftions will be 


K 1—1* (having cancelled as in both numerators and 
denominators) the factors 665, 41 2p, and -, be 
ing added become · G, therefore the ſum of thols * 


aden. vil be . B. 
1 t 


denominators are a*X r—1 will be 


— OB 2 oy mY 
X11 
Therefore (puning — =P; = £3 - 
n E 2 85 . ty — — 
N 1 l 


The vale of the nn req wl be 


n 2 r 


o OR O 1. 


| Retaining the above ſymbols ; and putting Vn for the 
value of two equal joint lives whoſe complements are 3 
Vu for three fuch joint lives Vi for four ſuch, &c. | 


Since 


p i] 
* 9 * w Ty T1 p : l #$*% . Hs N * * 
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* e two babes whale 
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„ 


And the value of as umd. ſhort 2 Iva. 
will be 


* | HT A I 
* — — 


* 22 123 
* 21.2. 2 
— 1 0 
In which expreſſion, Z4ignifies the 2 CI dE ther 
ſeries of factors P, Q, R, 8, We. whoſe values are 
ſound in queſtions 155 16, 17, 18. Ec. and the laſt 


term (viz. that which is multiplied by the factor Z) 
will be affirmative, when the term immediately pre- 
 ceding is negative 3 and negative, when the term imme- 
diately preceding is affirmative. 

II the value of an annuity on 4, 5, 6; &c. unequal 
Joint lives ſhould be required ; add their ages together, 
ab anc boos 4tb, Sch, th, &c, 2 the ſum (if 
' — 


1 
þ l 
/ \ 


2 | I ö | | 
an integer) or the next leſſer _ thereto, 
age 3 with 1 75 ſind the value of ue . 


which will be ſufficiently near 4. 
aiion of unequal hg, age 6 len: 


Firſt, Becauſe queſtions ad uri ole i - 
practice, there beipg very few tenures, or leaſes on lives, 
wherein the number exceeds three, 

Secondly, The computation derived from the principle, 


of the decrements of life being equal, (which, ſeems to be 
e only principle that, can be applied thereto) would: 
e exceflive tedious ; as would even the approximar- 
tion, if it ſhould (which is doubted) turm out to be 
ſhorter than the other: Tits true, if the values of the 
Gngle lives be given; Mr, De abus approximation 
may be uſed with tolerable readineſa: And the manner 
of continuing thereof, to any number of joint lives is 
fliciently evident, But this ſeems to. differ, more from: 

truth, the greater the number of lives is; indeed,. | 
when a computation is required to be made, from the 
bills of mortality of London, ic may be uled with greater 
probability of exactneſs. 

_Tbirdly, The greater the number of -unequal lives 
are, the nearer will the reſult be found by the mean 
c 
evident. 

This method, of finding a mean age, ma be uſeful, 
even in finding the values of two and three ves 5 when 
the ages —_ 1 


abs 


* Ay erage L 


Cvarron LI. 


Soppoling the decrements of life to, be equal,” it is re- | 


quired to find the value of an annuity, upon the longeſt 
of two lives, r 
0, = being rhe greater number ?. r 


| $OLUTION. 


"is thy whe pb) the it of the 
continuance of thols lives for one year are reſpeRtively 


= and — e eee the fe 


r 


probability, being 2 bon may. will = the 


F 
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which taken from unity, leaves, 


HT ? the Grit payment of the 3 | 
Again, fince the probabilities of the given lives ſe- 
verally failing in the ſecond year, are reſpectively 


1 — u — therefore the probability of 


Rosier. 1 
L ' M84 0 227 It | 
—— 2 ; which” 
3 R 
— — * 7 1 


— the frond payment of the nag 


AL dat wah. for the third; 
fourth, c. years, and finding their preſent values, it will 
appear, that the A ont . 


11 
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But LT we, i the es of a. 
annuity, on the ſingle life OY is * 
wm „ ANN 

And 8 is the a. of an 


2 on the  fiogle life 1 — m3 
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r 
two perſons ; and therefore, | 


Ff ile fam 
n, the wie 


tations 
their goint has be taken; the re- 
e * on $25.26 


ov 1345: CN 5 . 


8 is the readieft that e 3 

tlie values of the fingle lives, and chat of the joint lives, 
are known; but when they are not, it requires the . 
' lution of three queſtions, previous to this proceſs; or 
even if the values of the ſingle lives be known, the fiod- 
ing the value of the joint lives is laborious enough 1 pro- 
_ ceed we, Un by de help of 
he general ſolutions of thoſe queſtions. 
The rls of ee te ge ll, , 


— 


* 


And the — 


7 — e by 
queſtion 66. | 


Whence it will appear, eee 
walue of the joint lives, is taken from the ſum of the 

expreſſions of the ralues of the two angie lives, there 
2. 8 
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Rep ene bay. 
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Which enpre non freftoring n- 
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| * * A* = 5 
Wu ie the ans 0. 40 appaity,. or the 
wo he, whole. complements arp 43 486 1 

compannd intereſt gt A Ce. p 


Performgd þy the firſt Rule. 


The value of a ſingle liſe, what © Om 
ie 43. per example 1. queſt. | 

The value of a finyle life, Whoſe complement} 

i 54, per example 2, ditto" 


* 


- - — * > - 4 — fa * 55 
. 8 ye of 


Their ſum | | 

The value of an annuity, A the two nt 5 
lives, per example 1. gueſt 76 6 

Remains the anſwer, 


_ —— 3 _ 2 — ß a — ——— — -_— - o 


of two lives, 'ſuppoling the 'decyements of life to be 
| equal, and having the valuerof ths file lies ren? | 


— er ro es — —————_— — — 
” 
4 4 * 


lefler 
life whoſe complement is as, by M; 
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Les the cles of the life whole complement « 1s the 
notaber, be denoted by N. a 


"ben the valve of the joint lives mill be — 
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Ther; 


. — . 9 10,116" "81488416 
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vill ter bean, for the longeſt of the 
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"Ts lag of the 'rwv Gogh fie af the ages” 
ud 54.3 being 12,683, and-10,478 ; their compleme: 
6, and 32 ; and the rate of intereſt 4 per Cent. what 
ee 


nt 
rn 9 qu % the wheof the 
apreſhon, | bs N 1 N Nl # 


Dee bh 2 h 
To which ad | 1 ara | M=12,685; 

Me ſum 14.797. will 
the we aan, which differs from 
the true value above found, only by being 0,087 too 
The Rule in words at length, will ſtand as follows : 
The Rule to find the preſent walue of an annuity, ts 
amine during the lift of the hongefl liver of two perfons 
f given ages allowing compound intereft at @ given rates 


£39 re eren. 
the decrement: of * and the wake 
of bor thi af Tots to* 4 e 
I the. number of years, which rach- of the perſn 
Jan of 86, be called the complements of lift ; and lt 
thi fam of tie gound, and its intereſt for ane year, be calid 
\" Broad the bfev ee  fabtra# our” and 1 th 
remainder by fix times the rate, or find this quetieat i 
Per 

From the wal of the fingle life of the dun pri 
fubtra# the above-found quatient, and multiply the n. 
wainder, ee 

4 n 
coy 2 and aι,ͤ Dt value 22 


nr ain 
E AN... 


n 
continue during the life of the longeſt liver, of two per- 
ſons of the reſpective ages of 43, and 54, allowing 
compound intereſt at 4 per Cent, per Annum ; the wa- 
lue of the life of 54 years being 10, 478, andthe ale 
of the life of 43 years being 12,6832: 


Here (86=43=) 43, is the greater complement ; 

And (86—54=) 32, is the leſſer complement ; 

. Alſo (1+,04=) 1,04, is the rate? 

Now if (32— 1=) 31, be divided by (1,04X6=) 2 
24. the quotient will be 4, 970. 

From 10 4, take 4,970, and there will remain 
5,508 ; which multiplied by (321). 33 will produce 
181,764. _ 
If the laſt product (181,764) be divided by (43X2= 
$6, the Juoiicit will be Lin. -* kh 
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ma being added to 12, 683, gives 14,7971 
for the value of the annuity, required, = _ 


. KB." Io this, and the following caſes; the apprwxi- 
matione, given by Mr. De Moore, muſt (if ofed) + 
be always applyed to the firſt given rules (viz. 
thoſe in which the values of the longeſt lives, and 
reverſiotts, are directed to be found; by adding, or 
ſubtracting, the values of the ſingle or joint lives) 
| becuſe the exprefiions of thoſe" approximations will 
——_— OOO. 1 
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"QUESTION LXXVIII. 


dappofing the decrements of life to. be equal, it is 
required” to find" the value of an annuity, upon the 


longeſt of two equal lives, whoſe complement is n? 

8 nn 10 N. * 1 
This way be deduced From the ſolution of queſt. 76; 
only by writing a for m, and brei as blen. 


> $1 
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Or (if deduced from the firſt expreſſion there given) 


re 
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| What is the value of the An of th equal fire 
: | exch of 48 years; allowing compound intereſt at 4 per 
Crit. ++ th Ie. EN © Pi 


1,939749 — 0450570 = — ag ; 
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ss 4 


Latty eee 1492094, the value of the 
required. 
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From the value of the co equal lives „ 
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| Which, in words at nan, Glens, TE 
De Rule, for finding the value e an annuity, un 

the Me of tue equal Aver having the walue of the 

fngle life given, | allewing compound intereſt "at, a given 

ratt, and ſuppoſing the decrements of life to be equal. 

| Let the number yeurt, "which the given life wants of 

86, be called the complement of life, and kt the ſum of 


That is 


11." and its intereſt for ene year, be callkd the rate. 


To three times the complement aud one ; ' multiply the ſun 
by the value of the fingle life 3 * prodult by 
the complement. 

From the complement ſubtra# one, — the 're- 
„, tha rate; Werner 
the 4. 

Wen foall batf the A of the fue quotient; be 


the value of the annuity required. % 


If the example given io the laſt anc; be here pro- 
pounded ; then the value of the ſingle life will be e 
(86—48=) 38 will be the complement of life ; 

1,04 the rate. | 

Then (3X38+1=) 115, being multiplied by 11,743; 
produces 1351,02 3 which being divided by 38 gives 
35,553 for the quotient. 

Again (38—1=) 37, being divided by (6X1,048) 
624, will give 5 929 for the quotient. 

And, half tte difference of thoſe quotients (wiz, 
$$-553—=5.929_. 

2 
nuity required, 

Vor. II. M | QUES- ; 


1,812 will be the value of the an- 
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QUESTION I 


mm it is 
required to find the value of an annuity, upon the long. 
eſt of three lives {that is to continue as long as either of 


them is in being} whoſe relpeftive complements are , 
wats (7 being (a umaved "Shs bi 


$OLUTION. 


—— . — 29 — * 


Fr n ſeveralh, 
failing in the firſt year, and therefore the probability of 
the failing, of all of them the firſt year will be 
— — — 


i= X1===x1==; which being fb 


pt unity, "will 0 probability of their 
being one of them lat leaſt) r 
hien is the firſt payment of the annuity, 

By continuing the proceſs, expanding the expreſſions 
by multiplication, ſabtrafting the products from unity, 
and finding the preſent values of the remainders, it will 
-appear, that the value of the required annuity will be 
— Ring Tra Weic 


2, * 
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— + — =, Sr. is the value of that 
lingle life, — 13 3 
r. &c. is the-yalue of that 


ſingle life, whoſe compar is *; 
= þ = . is he rao of tt 0e 
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life, Rs Ow. OO; oof 
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A1 — 2 1 
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is the value of thoſe. two Joint int live whoſe « complement 
we and 


1x1 
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Jue of thoſe two joint lives, whoſe eee are 1 

and : | 


m—Ixf-T —_ Xx 2 —3 
4 mtr * | — ——— ; Ee. is 


ce vl of thoſe vo join tne, wholecomplemen us 
m and : 8 


——— — Lb ERIE =o 
Laſtly dt | __ Ec. is 
the value of the three joint lives. | | 


Hence may be deduced de following rl, for finding 
the value of the longeſt of three lives, viz. 


T7 the for of the wake: of the three fingli lives, add 
. the walue of the three joint live: ; and from their ſun, 
ſubtra&# the three values of the joint lives, taken two and 
and the remairder will be the value of an annuity 


tue, and 
for ihe lage of the three Mues. 
EXAM p L E. 


It the lives are of the reſpeRtive ages of 43, 54, and 
66; Then 


The value of a 25 6. 
1 life of 1.95 ih. — a 


The wake of hs v, 55152 by queſt. b 


„ 
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Their ſum 35, 646 
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Then from that ſum | 35.646 


The value of 2 joint lives of 4 3&54=$,277 
Tuke J And of 4366 26, 272 
L And of 54&66=5,907 . 
Found per queſt. 64 20,456 + 
Remains the value of an annuity on the 
of the three lives * $15-190 


But as the above rule preſuppoſes the ſolution of ſeven 
queſtions, four of which require long operations; it will 
be worth while to find a ſolution independent of any of 
them: In order to which it will be neceſſary to add and 
and ſubtract the literal ſolutions, according to the form 
of the above numeral proceſs. 

Let therefore the values of the annuities on tlie fingle 
lives whoſe complements are =, , and 7, be denoted by 
N, Mand F: The value of the joint lives whoſe com- 


1 plements are, = and a, by. NI. = and „ 
, by MF; and m and 7, by MY. ol the ly af the 
4 annuity on the three joint lives by NMF. | 
y Then e nta. 
Wen 5.1341 | 
1 2 ; by quelt „ 
1 I 
e — 


Whence MNT will readily appear to _ 
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Which expreſiion (if we reſtore PP for Q Tore 
for R; ae 0 for 8; 2 * 
7 


742 42 227 
( +2 a+ En Tes, 2 . 
sPP + 


And making 7 =T) will become 


427177 7 


E 


5 D — . 
2 404 m 


the value of the annuity required. 


Nuo if we will perform . 
tiven Na r 241 80a 232; 1=4% 


4=0,456387; — =2,28505 $; — —=0,1 85168;&P=2x; 


ZR and = = == * 


c 0456387 > fo =, 285242; 


o, 285 242 +0,285058 + o,1 85168=0,755468- 
And , 456387 x 270, 28505821, 197832. 


P3 


D & 


the longeſt of three lives, having their ages, and the va- 
e und M. 
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ce 8 9 


— 1192832 — 


= 1,909053 


r+23,043-and 5,04x3,04—3=6,24163 
SET e * „a ger 
"TY — — = reste n "(1 
And o, ) 55 468-1. 909% 3,3144910, 64897: 
Alfo 15. 11628 x— 0, 64897 = 9.8100: 
| 2 151 890⁸ the value uf the an- 
n rep. e 9 l 
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Suppoſing the derrements of life to be equal, ir is 
required to approximate to the value of an anhuity on 


tereſt at a given rate 7 1 * tent HR 
sou T TON 2 | 
If the ſame deb he retained as before, 
Then NM = — . ; 
208 oy l. rf 
—_ IX N. n-1,, n+1 le 
n + * due . (4. 
— _ i m1 | Nite 
Dr xl. 
143. an 


1 = 4 2 
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Alſo = td _ | 

The firſt term of which lat 

by multiplicaries, * ÞSecomes” — (expe 


which being fabtraded 'fram he vitue of: M N 
will kave Mf Mn ng rn 
. * 


17 4 
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way he wrote — W 3H , 


"= 3 which dong 
eee 


And then, ae act E will b 
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Therefore 
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Now, 1 the FREE KO OA to the vale of 4. 
annuity is found by ſubtracting of three approximations 
(viz. thoſeto the g values of two joint lives) each of which 
exceeds the truth ; and by the adding only of onejapprox. 
ination (viz. that to the value of three joint lives) which. 
is alſo greater than the truth; it will follow thar the N- 
hoe above foun# will be Jeſs than quſt: * 


| mbg n=ixaet —1 8 

And Gay "ob i, =) [I A A 
quantity, to be e ſubtraged, in the above approximation; 
therefore if that quantity be leſſened, the — 
will be encreaſed. 


-- 


r M 6 By. 


12 52 Ma nu vic | 
But that quantity will not be leſſened (and eonſequentt 


—.— mult be leſs than unity, becauſe both f and m ax 
greater than #3 and by wiiting 77" for 7.2, we lf 


chat pard of thezrapretitm b by 22) 2 ; which, be 


cauſe y is greater than unity, is leſs than : And conſe- 
quently. PFF 


mainder by fix times the rate ; or find this quotient in table 
the loft ; ſubbrat# this * Gd 


ſelf i and that product by the vemainder above reſerved; 
' dividing 45 laft Nr 
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© Which, — — follows? ©! 
| The rule for finding the walue of an annuity, on the longeſt 


of three unequal lives, of given age: ; having the ua of 


#boſe fingle liver given, albuiag compound intereſt at & 
given rate, and ſuppoſing the decrenzents of lift to be “ 


« Let" the minber of years, wobich each fy wvaintr'of 86, 
be called their complement: of lift and l 1 ann in · 
tereft for ans year, be called the Rats. 


From the liaſ complimem ſabtrac ine, and divide the r- 


lift, reſerving the remainden« _ 
7 thi lefty comlenent add bac, b the fas by it. 


„ 
remainder by fix times the rate ; er. nd the quotient by table 
the lat; ſubtract the quotient from the value of the middle 
life, and multiph the remainder by the rr 
more one. * 


2 . 
and divide their ſum by twice the grrateſ complement ; to 


. awhich quotient, add the value of the youngef# lift, and th, 
ſum will be the value of the annuity required. k 
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The operation of ay wang given io queſt. $0, by 
his rule, may Land as follows. 


IY Here the vis ofthe young ik will _ 

— d r "of the een 77333 

e 2 
8 mie 


se 1 dhe rate. 


quotient will be 3,045 1 which, fbradted fm 9335, 
leaves 4,288, for the remainder 40'be reſerved. 


And, if (po-þ4=) 24+ be multiplied by 21, it pro- 
: Quoes 441 ; and 442 multiplied by the abort reſerved re- 
minder 4,298, produces 1891. 00; which being di. 
vided by (2x32=) 64 will give eee 
to be reſerved. 


© Alto, if (32-3=) 31 be divided by 6,24, the quotient 
will be 4.968; which, ſubtrafted from 10,478, leaves 


5.5103 and this multiplied by (3241) 33, product 
181,830. 


Agaio, the ft product 181,830, being added | to 
29,547, the reſerved quotient, makes 212,397 ; which, 


divided by (43 K A) 86, quotes 2,458; and the ſum of 


12 683 & 2,458 {vix, 15,147) will be the value of the an- 
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Saproſim che eee e 
quired to find the value of an annuity, upon the longeſt of 
three lives ; eee oe nn and younger 


than the third. -- 10 a 607 
oe Mig of Bf nt A deduced from 


queſt, $0, by writing «n for #3 and , : 7 
wheac te rae of the any required will to 4 


1 1. 9 


For example ; Lethon cyuldaboge. wes 
bs = bn alſo — — 


= —uc——— — _— du 90 OUS 2: ww ror I ey re I oeunS - + vet 


Thenm=333 n==20 31 P=1,04 3 $=0,456387 ; makes 


I-f=0, 543613 3 +2 \—3=6,24163 nm=640 ; 
2s n 0615 x 0,456387= 
X 0,285241 3 _ F 
f n and ente 
Y 1,1978323 a 


Again, — 490905 3 2 20095 


$.543613x6,241 EO f 


20x32 
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And 0,285241-0,570116Þ1,90g05==2,76441 ; 
Alſo 2,7 6441331 349==—0,54908 ky 
—05490BX30,3 t 115322 
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— $3vewin ih it quefton, be yp: 
plied to the value of the annuity, by writing r for : and 
M for F, it will become 


80 iy * bn cds $31 0 Lows e413 $5134 
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former, only, in writing, greater complement, iſtend of 


greateſt and middle complement ; and younger life, fo' 
00S an life. 
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Maut, the decrements of life to he * it is Te- 
quired to find the value of an annuity, upon the longeſt of 
three lives, two ON ASI Ye Ape 


than the third 8 

The ſolution of this a may alſo be deduced from 
queſt $0, by writing = for m, and p for —== 3 wee dee, 
the value of the annuity will be, 


— \ = ab 
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— 6 


For example ; let the given equal ages he 66 3 and the 
younge? 43 ; and let compound intere 
at 4 jo hb 


LY 


„ TT 
Here ; 5 {20.4563 : 1 o, 543613; Pazzg; 
220 —=0,185 168; [dt $,11628;rþ1= 
e 7 43 . 2A 
2,04 3 2, gx , 12; 6,1 2X—2=7,65 3 7,65+2x 
6456387=4,404134 3 Y *—3=6,2416 3 


o, 4361 3x6, 2416x252 who 6 2 
And — 20X20 "RI | 


Now 6,185 168+-4,404134—5,301586==0,712284 ; 
And 15,11628X=0,71 3284==10,76708 3 Rr 
4 2 i 25 27 2 by, Lafily 


258 MarauztWatricii 
Lily, 2510614, 23292, the value of the agg 


* 


* 
— — * 4 
- - = * 2 * . : 
= 


aus TION 1xxxtv. 
Suppoſing the decrements of life to be'equal, it is re- 
quired to approximate to the value of an agnuity upon the 


Jongeſt of three lives, 113 
dan the bind. an 


* ow — | 
bo son . E 


"This may be readily fabved, by writing N Gar 3, and 
= for =; is the URS $67 hops i of 


ee 
annuity. . 
- Which may be expreſſed in words, at length, as follows. 


Vie ral fir fodbag the cake of as cxnniy, on the tngef 
of three loves, reve of weh avi rguat and older than tht 


third, having the valucs of the fl loaves given, allowing 
ister:f 


Nr ren 239 
W 2 rate, He the devimat of te 


ln the — Ah wich tac Ys what of 36 
be . Yheir complements of bft, and in one pound, and 
in intereft for one year, be called the rate, 


From the Lier ſubtra& once and divide the 
nnainder by fox times the rats, or find this quotient by table 
the laft ; fubtraf this quetiens from the value of one of the 
thier lrues, reſerving the remainder. 


5 thn ime the ſi cg ad wad wat 


te fum by the fame complement more one 3 a evultiply 
this produd? by the remainder above reſerved, and divide the 


quatient by four times the pride? of the two complements. 
Yo the def 


The * — {TEIN 83, may 
kund as follows. Wh * 


WY — — 3 5 5 2 or 
ga e nes; 
err 7-933 
' (86=43=) 43 villds the greater complement, 
(86—66=) 20 leer 


Alb (1 N e . 
Now if (20—1 =) 19 be divided by. x 1, 1 624, 
the quotient will be 3,045 4 which, 7.333» 


leaves 4,288, for the remainder to be 


—— — — — 


And if (3X201=) 61 be maltiphed by ]ko4-1=) 
21, the product will be 12813 which, n 


plied by 4,288, will produc 49258. 


3 
Now 


. alt the waki of the younger = 
* abi the fo ally ee. 


- 
=> — a "i v 
* 4 = 2 . ws.» o „ n 1 — o 
— 2 — 4 I — 5 — — — — — PZ * K — 
FRY; a * g \ 1 * 9 er _ I '; A 
o * 4. a ” 4 4 _ — ak — — FS | 4 * 
7 - 
3 
hy 8 od 


ro 


= Do tro 
x 
At i cies 


vs 


_— — 8 
2 _ - 24 4 
. : | R 
« 8 —_ 4 — 
bd — ry 
Eo 8 
2 
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ee! 3449 is the produR of fous times 
the two complements; by which, if 5492,928 (the nom 
ber above found) be divided, the quotient will be 1, 500; 
to which adding 12,684 (the value of the younger life) 


2 ene * n re- 


* Au 2 1 dQ 


QursTION; 100. 


= $ *- 


rern 


quired to find the value of an annui the 
Lune equi lives” To 9. 0 


The falution. of wi may be all rout from gr 
| 10, by writog - for « and e rdf for. — n 


nh 
menen F 


E RIrosITb RTI 26 
For example ; let the three perſons” be each 5 years 
ad, and compound intereſt be allowed at 4 per Cine.” 


Then 32503. 0,2Bgo58=p f. 304853 % 14942= 
— & 1 3 = 2,04x252=51,00.;” ail 


= 21259575 ; alſo: 3þ=0, 855174 ; 855 tf 
=2,21807 3 = 6,416 6,2416x9,7 149428 
18221 and db egg, 236499 


r 323, eures 932 | 5 4 * 


n 
Fs. 


Now melange egg er. =1 0,2688 * 


Whence 25—10,068821 47312, the value of the an- 
85 r | * 


3X6 Were ut! 1 10 


If we make uſe of the #pproximation in queſt. 84. by 
writing # for : and M for F the value of the annuity wil 
be G | | | 


+ 
£ 


- 2 N which may be expreſſed. in 


3 rn 
lives and the complements are equl. 


SCHOLIUM IL 


If it were required to find the value of an annuity, to 
continue as long as any two (out of three perſons of given 
wes) ſhall be alive; the ſame might be inveſtigated as 
follows. 
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If their 
* n 


2 Fs wes. Laces - 1 
8 N 1 * | 


& 9 is F | 
w 


- 4 Bets On: 511, 2 2 5 : 
—— of proceſs being continued, and the preſen 
rr it will appear, that an annuity 
* 1 of two lives out of three, 
eien 

aer 


. The au 
of KB ON addition and ſubtraction of the reſpeQive 
oy acer ee e 
| 2 * 832 but is inſerted 
n t operation will take up bu 


From three times the value 
of two equal joint lives, 


ret 


Take 


REZTOSITJORN 


au ESTION DI. 


Suppoſing the decrements of — its %% 


r r 
four equal lives. 


SOLUTION 


ae eas then will 1. 


expreſs the probability df either of them: faiſtog in che rd 
year ; and therefore the probability of 3 * 


of them in that year will be 


8 (ehe er 395 ＋ 2 
which, being ſubtracted from unity, vill ave 


bability, that one (at leaſt) of Fae TRAYS: 
year's * Dee will be worth 
0 


. the ſecond, third, &. ER En 
will be worth 


8 = 


MAT x MATICAL 
+ = pany, 
7 "a. 8 
. XD 4 . 85 — — * * 
7 . 1 DES | 
Now = (#) is the value g 


eee 0 


3 — 3 


. —— en ee of Mee 


r anr* 
lives, whoſe Ls 


Deters rde vals of tee eule 
lues mp ponents 37e 0; | 


—— 4 —. 3 
Af terer . nde ver far ghd 


ar  n*r*> 


Joint lives, whofe complements are . 


Therefore, 75 {Rl 7 — the wakes of the fingll lift, 

fox times the value of two equal joint lives be talen; ani 

then, to the remainder, four times the value of three equal 

" Joint hoes be added; and lafily, from the ſum, the walut 

F the four equal joint live: be taken ; then ſhall the laft 1t 
_: mainder be the value of the longeſt of the four equal lives. 


Now, if we aſſume the ſame ſymbols as in queſt, 20 
chen, 


RRAYOSH TOR. 


e ares n. 4 5 


Tens 2 24750 ts $ 
e 5 2452. Hr: | 


Therefore, thereof hlnget ofthe our quit 
will be 


ine . 
ret rige Ar 
COR 0 L. 


Retaining, the above ſymbols, and writing L. Nil for 
the value of the longeſt of two equal lives, whoſe com- 
plements are »; L. Ni for the value of the longeſt of 
three ſuch lives ; L. Ni, fo the rl of or ach te. 


Sues „ =P Ht; by qu 56 
V =P+ EQ ER; 7 
L. Nu ETX; „ 9 * 


$3 3 ee be-. 186 


vo 1. II. N There fore 


47 
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+ 


(42: — . 0 - 


E et r 1 
AN. e * r ee ; 


8 And the value of an gnoity, on the longeſt of n equal lives 


will be 


65, — 


2 22 . 


Where 2 6gnifies the 7 term of the ſcale of faftors, P. 


QUESTION 
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"QUESTION LXXXVIL - "= 


Suppoſing the 3 of liſe to be equal ; it is re- 
quired to find the value of an annuity, to continu: as long 


as any vive (oc fare * being. 


\ 


-$%.L U T 1 O N. 
— 
If be the complement of lie,then wil = be the 
probability of the continuance of all the four lives fo one 


721i Ni ak 
year; == FP will de the 


probability of the failing of ſome one rm named) 
and of the continuance of the other three for one year; 
and becauſe there are four perſons, each of which may 
be ſo particularly . named, therefore that probability 
muſt be taken four times. , 


—_—_ 
fe] _, fl —1 1—1 X4 —1 X3 
Th . n+ * —.— "Sb 
will be the value required. =. 


That is, if from four times the value of three iqual Joint 
Lewes, three times the value "of the four equal. joint lives be 
taken, the remaindtr will be the value of an annuity to con- 
tinue as hong as ay three of them ſhall be alot. 


M ae ATECOAL 
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for equlot i e — 2 14 2 Ar. 


Now four titges thi "wy . SE = 
three equal joint lives i rer Ber Bs 1— 


And three times the value of 


74 


9 * 
— — 
Remains the,valus of three TE Sate 25 4242 
— 28 7 1 
e 3 
EY 2 * , a n 
« . — ö 4 ” * 0 , "8 . 2 
— 17 * 
— —  COROL. 171 
W Ts af — a * A. 1 4 | : * 2 "> 
xv or 3 { + © & 44 5 p 
_ 2 5 as 6s 
2 


e ese 7 ta Cobtibne a3 long as f out 
of = equal lives (whoſe complements arp :) ſhall he in being ; thus, poi N for the value of m equal 
joint lives ;;: and Net fr aig en $4 La 142 


— = — 


N 
* —_ a * * > 
** er. , & Mn < 1 Fu * F oY i 
g as] . | £ / 3 . » ar „ 


Frem 


Rx : 0.83 TORY.” 269 


From „ M. er- FE PF 
3. » 2. 1 ©. | 
Take e — — 


„ 4 


4 


PRI 1 — z, 
E 1 C am- 1 ** 


* 
! A. 4 * * 


nete i _ = of the anduity required. 


— Ro nn —1.49—2 .——..—.— . 


wn 1 22˙35 2 3% © 
1 lr 
_— ** 
| e ORO L. 


By reaſoning 1 ing amiher manner, the value of an an. 
nuity, to continue as long as any two (out of * Urbz 


ern 7 

a 
— * 

— 1 | 15 

thy als ˙·¹·¹r¹l t nne 

E., mg will betbs ge all four lives, 
1. — — bability AY EIS 
1 2, continuance, for avy g of them 


3 11 one Year, of | avy a of them 


But becauſe there are ſour combinations of three, and 
fix combinations- of two, in four; therefore: the ſecond 
probability muſt be taken four times, and the third fix 


N 3 Aud 
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- And the probably -of maxiving the Get you's re 


— ae wont A 


. 57 T* 1 1 FS = 7 1 
75 X1 gas. n* X- * 


* 


— 
That is = — — vil be thepro: ö 
bability of receiving the firſt year's rent ; and the value 
er he vacate) may be found by adding fix times the value 
of two joint lives to three times that of four joint lives; h 
and ſubtrsctiog eight times the value of three joint lives | 
fromm the ſum. l | 


GE ; 


* 


, Now fix times the 
valee of two DER 2, 
" lives n * * 


* 
wc 'S; : 
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hy 
three times t 

e- ge-, 
joint lives J 


their ſam EEE TENT 7 


eight times — 


that of 3 8524 ran 


— 25. 
joint lives - 


Ries PC 2, s — 7 the ralue 
of the annuity. 


And thus we might proceed to find the value of an an- 
nuity, to continue as long as any # lives fout of # lives) 
ſhall be in being; bat enough has been ſaid to enable tzje ⁶ 
reader to perform this, if he has leiſure and iaclination; 2 
es OPER e RIeY | | 


” 


QUESTION LXXXVIE. 


It is required to find the valoe of the reverſion of an 
eſtate, in fee ſimple, after a ſingle life of a given age, al- 
lowing compound intereſt at a given rate, 


SOLUTION. 


From the value of the perpetuity bei ei) ben the 


value of the given liſe, found per queſt. 68, or 73 (which, 
N 4 if 


oo MAT AAT 1e An 
| he dearements of lle are esl, wil be 


— — and the | remainder, 6 tat 


— 1 X 


4 will be the ale et u- cue. 


Ne 
quired 3. which (i ws hat = =o anc 1K. 


ke e worde at length, follows : 
The yh, for fading the value of the reverflon of an eftate 
ef 1 |. per annum in ſer fempte, "after a life of @ given age, 


ellwirg compound intereſt, als gives , and Velba 
the decrements to be equal. © 


Let the nunber of years, which the givin ——_— 


86, be-ca/l:d-the complement of life. - 

e the tnkbs fon the denies epa of 4 * 
end of the complement of life ;. fubtraf the: number f 
ſeuad from unity. multiply the remainder; by the number, 
avhich (in the table annexed to queſt. 20) fand, on a lint 
with the given rate, under the letter Q and divide the 
produdt by the complement of life, fo Hall the guatient bs tht 
value ee ce 


ER Xx A M Þ . E. 
What is the value of the reverſion of an eſtate in fee fim- 


ple, of 1 / per ante, aſter the life of a perſon of 54 


_ years of age, allowing compound intereſt at 4 per Cent. 

Here (86- 54=) 32. will be the complement of life, 
0,285058 will be the preſent worth of 1-/. due at 

the end of 32 years 

And 040 will be the tabular number under . 


Then 


{ 
{ 
{ 
{ 


B . - 


* 
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Then if (1=0,2850g8:=) 0,714942 be multiplied by 
6;0, the product will be 464,712 ; which, divided by 
32, will quote 14,522 the ee e poke b 
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QUESTION LAXNIK, + . 


I cit to find che preſent worth of 1 1. which 
is not to be received until the death of a perſon of a given 


age, allowing compound intereſt at a given rate, and tops 0 


e e e . . 
8 0 1 ＋ t 0 N. 


* E 


Oer hat, &r ene fl WY AY pot 


ceived as. the preſent worth of an eftate in ſee ſimple, equal 
to the intereſt of that ſum for one year ; and conſequently 


the reverſion of a fee ſimple equal to that men. ny 


the given life, will be the value required. my 
Now (retaining the ſame ſymbols as in queſt. pa) chin: 


t of 1 or te 17 . ED, 2 e d- 
' 4 i 5 > 
tiplied by r- aer 2 „ 2 2. ad- 


Which, expreſſed in words at length, Ae } 
The rule for finding tbe preſent worth of 11. due on the 
drceaſe of a perſon of @ given age, allowing compound inte- 
reſl at a given 140 and Juppoſong the decrements os bfe to 
be equal. 

Let the number of xeart, aukioh L age. * 7 


86, be called the complement of life 3 and tet one pound, end 
ts intereſt fer one year, be called the vate, 


Ns FI" 


ha I - Z p 
, CY 4 A * . 
+£ 


rc 


Ta - 


= 
Fats TE = => -- <= =S 
8 — — — * 


* —— 


* 
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Seel in the tables for the preſent worth of one pound dut 
+ at the end of the complement of lift ;, ſubtraf the number | 
found from unity; multiply the remainder by the rate, ani 
_ that 2 by the number, which (in the table annexed ty 
Eos ion 20) fands on a En an, under the 
„ l 


ng the I by the complement of life, fo fall 
| 1 gu ia nt be the preſent warth reguirad. 


EXAMPLE. 


A. who is heir to a conſiderable fortung upon the death 
. of B, aged 54 yeats, would barrow a ſum of money to 
be repaid, at that time, by him or his ſucceſſors; 
| bow much ought he to receive now, for every pound that 
. is then. to be paid, — poo nt tar 
Cent.? 
ler (86—548) 32 will be the complement of life 
ET r 
ä "due at the end of 32 years, 
- And 25 will be the tabular number under P. 
Then if (10, 28505 U) 0,714942 be multiplied by 
1,04 (the rate) it will produce o, 743543 and if this be 
_ *multiplied by 25, the product will be 18,5885 ; which, 
being divided by 32, will give 0,5809, for the preſent 
worth required. | 


0 O R 0 1. 


Io the ſame manner, the preſent worth of one pound, 
"to be received at the expiration of any number of lives 
may be found from the ſolutions of queſtions 8g, go, 4 
by multiplying their reſult by the intereſt of one pound 


for one 
year. 5 | 4 


: 


— 


2 


10d, 
yes, 
- 
und 


Or, 


be the preſent worth required. 
In the above example, the given life is worth- 10,478 ; 


which, being multiplied by o, og, produces ,41912; and 
this, being 3 from unity, leaves 5 8088, as 
above. 1 


DDD 
To obviate any doubt, that may ariſe in the reader's 


mind concerning the truth of the principle on which this 


queſtion has been ſolved ; it is thought proper to inſert 


the following proceſs ; which is performed in the maoner 
frequently uſed by Mr. De Moivre. 


Let N repreſent the value of an annuity on the given 
life; and let us ſuppoſe it to be equal to an annuity for a 


number of years certain, ſuppoſe m then it will be evi - 
dent, that the propoſed ſum will. not be due till the ex- 


piration of thoſe as years ; and conſequently one pound 
| 12 : 
then due 2 by queſtion 144. part 
2, and vol. I. 4 | 
Now the preſent value of an annuity of one pound ta 


continue en years, i (by —_ 149, part 2, 


yol. I.) which expreſſion is ſuppoſed to be equal to the 
value of the life. 


— . 
a, = ic Is 


Th. um, or e — — 


33 f 8 N "A 
os Conſequently 
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Or, if the value of the given life or lives, be known ; 

then, uli it by the intereft of one pound for one year ; 

and ſubtra# the praduct᷑ from unity, and the remainder will 
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Conſequently - =(== h —.— A 


ann 


But N. = by quell. os 


: = 


Th XK — 1 


And 1 e gx "which the fame 
—.— | 18 * 


——_ IR 
Ame kr Fee is” ne Wis fi 
ought to be paid, on the deceaſe of a perſon of a given 
age, in confideration of ene pound now received, the ſame 


will appear to ber. 
r 
r r ze, 


=" 
In- _ 
Allo 2 therefore — 
5 AX] | I=pxr 
1 
My Ae 


Tbe rule, in words at be will 
' ſerve ſor this purpoſe ; e of nn 
you read thus 
Divide the complement of he bythe loft found pale, an 
e wile the hw, which onght to be paid at tif 
expiration of the given Tift. 
Note, the ſymbol / N may be above expounded. by the 
value of any number of lives ; when ſuch value enters the 
queſtion, inſtead of the value of a ſingle life, - QURs: 


, 


SS TE EW 


neee 78) be 
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Nr Wehn 453-666 


Auel XC. 


Suppoſing the decrements of life to be equal, it is re- 
quired to find the value of the reverſion of an eſtate in fee 
WW 
ages? N 


9 c H 0 L I v M. | 

If the fame ſymbols be retained as-in-queſt. 96, then 
if from P, the value of the perpetuity, be ſubtracted the 
bred ray roy enburgian, apy n the 
remainder, viz. 


. - — + — — required 
ogy dy te approximation in qu. 77. ts miles will 


pat, x. 25 


The numerical proceſs, and rules i we in 
omitted in this, and ſome of the following queſtions, - 
which will but rarely occur in praQtiſe ; becauſe they dif- 
fer very little from the proceſſes, and rules given in the 
queſtions, in this and thoſe following, quoted: To in- 
ſtance in this, if the reſult of the approximation in queſt» 
77 be taken from the number, which (in the table an- 
nexed to queſt. 0) ſtands on à lige with the given rate, 
under the letter P ; the remainder will be the value of the 


reverſion. 


Alſo, if the given age are qual, then the value of the 


* i A bro is | 1 | 
a» x2, Or KN 2þ Ax = 
And 
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12 the approximation thereto, will (per queſt. 79) 


INN 
1 


— 1 
— 


— 
67 


QUESTION XR 
Soppofing the decrements of life to be equal, it is re- 
- quired to find the value of the reverſion of an eſtate, in 
. fee ſimple, after the longelt liver of three perſons of given 
ages. 8 | ; | 
I che ſame ſymbols be retained as in queſt. 80, ther, 
if from P, the value of the perpetuity, be ſubtracted the 1 
value of an annuity on the Joogelt of the three given 
lives, eee ies coeds 


rt ”m 


T 5 xv 


— eee 
. E 


Fw 


Ls oe tions will bos queſt 81) be 


—— 


N x ET x mT 


* i ns oy 
— &  % Or 


Alſo, 


| 
j 
| 
| 
| 


Eo Pam No. 
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Ali, if the three ages be equal, then the value of the 


reverſion will (per queſt, 85 be 


* 


And the approximation e wh (per ſcholium to 
the ſame queſt) be A 


oo 


Aer ok 


1 1 5 
\ =» 
2 equal lives, ? = R Lag 
3 | 2g 2 Ro, 


Therefore, ane fc lie in fee fimple, after 
the longeſt of * lives, will be 


—— . K 2. 


Where Z denotes the ILT faQtor in the ſcale, P, , | 


R, Ke. (queſt: 20). 


SCHOLIUM. 


. The queſtions relating to the reverſion of an eftate, in 
fee ſample, after two or more unequal joint lives, are omit- 
ted, becauſe it is ſuppoſed that the reſolution thereof will 


hardly ever occur in practice; And becauſe the principle, 
on which heir ſolution depends, is the ſame with the for- 
n mer, 


at Maruzwaricer 
mer, viz. the taking RET ra Ron ohe per 
petuity. 

_ Whence, aw from corol. to queſt 75. it will appear, 
chat the value of the reverſion of an eſtate, in-fee fimptc, 


. . 
© And thererefore the value of the reverſion of an eflate, 
is fre Gmple, 7 will be 


2 — v 24 . — wr) : 


be ik \Zfignifies the Ei Mind the fe. 
ries of factor N, N. R, &c- (ſee queſt. zo) and the laſt 
term will be'affirmative, -when the term immediately pre- 


ceding is e . is affirm- 
ative. ela: 


Wil QUESTION. KCl. 


There is a leaſchold eſtate of one pound per ann, to 
continue x years ;z which (whoſe complement of life ts 
a») is to enjoy, if he lives ſo long; but if he dies before 
the expiration of the · ſaid a years, then B and his heirs 

are to haxe the remainder thereof : what is the value of 
R 


: $OLU- 


2 © — 


* 
£ 


So —-, @ & © 


E . MM _— "A 7 3.4 
Ny Wanken " 


$0LUTION: 


From — the value of the anni. for. s you 
certain (Queſt I 5) fab. 


long (queſt. an. and che remainder vi. | 


ay ” | N 1 1 
— —Xx—ů— _ * Or; nds 
MXr—1 7X r-1 Pan. 
- gh * "- mw 


is - Son Or, $3 . 


— CEE anon 

quired. 

' Which, hn 6 of Ka; Blows: 

The rule for finding the value if the evaſion of a hank: 

eee of eus pound per annum. of <which a given nuns. 
ber of years rtmain unexpired, after the deceaſe a e 

i a given age ; allowing compound intereft at a given: rale 

bbb the decrements of hfe to be equal. 

Let the nunker of years, which the given age wants of 


86, be called the complement of life. 

Multiply that number which (in the table annexed 0 

uf. 20) Handi, on 4 line with the given rate, under the 

Wn Boilp Jie ovmiee of years axmpicetts he leaſe ; % 
ive radu add the number, flanding under the letter Q in 

've Jams table ; and multiply the fum, by the proſent <vorth 

4 IS due ab the expiration of the leaſe. S 
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S. this left found padus from the before mii 
tabular viumber, fanding under the letter Q and divide 
the remainder by the complement of life, fo all the quetiant 


EXAMPLE. 


A. who is 43 years of age. is poſſeſſed of a leafchold 
eſtate of one pound per amn. (whereof 32 years are unex. 
pired) which eſtate, if 4 ſhould die before that time, de- 
ſcends to B and his heirs : I demand the value of B's in- 
tereſt in that eſtate, allowing compound intereſt at 4 pr 
Cent. | Ve | 
Here (86=43=) 43 will be the complement of life, 
| OR i Wed rt 
That under Q, 6803 
The preſent worth of one pound, due at the end of 32 
years, will be „288083838 
Now if 32, be-miltiplied by 2.5, the produdt vill be $00; 
to which, if 650 be added, the ſum will be 14503 which, 
multiplied by ,285058, produces 413,334. 
And if 413, 334 be ſubtracted from 650, the remainde! 
will be 236,666; which, being divided by 43, quotes 
$:504, che value of the reverſion required. 


Fr 3 


—T = © © ww 


" "QUESTION xn. 'B 
There is an eſtate of one pound per annum fo entaile!, MW. —— 
-that if 4, a perſon of a given age, ſhould die before te N. 


arrives at a certain age alſo given; then the eſtate ſhal 
- deſcend to B and his heirs ; what is the value of Fs in 


tereſt therein, ſuppoſing the decrements of life to 
— 
wh 8 0 L U 
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$OLUTION. 


SubtraQ the years of L's preſent age, from thvſe of the 
ge to which he mult attain before B's expeQativn ceaſes, 
and call the remainder ; and let be the complement 
of L's life ; then will Z's intereſt in the eſtate, for the 
firſt v years, be the difference between an annuity certain | 
for thoſe years, and the like annaity ſabjeR to L's Bid... 


Now an annuity for » years certain is 1 x — by 
queſt. 15 3 and the value of the like annuity feb- 


| to the life of & is (per queſt, 57) 
R 8 
4 77 r= r * "OM 9 
ierence of which is — —— VI. IKE. 2 


—= mroxr - 1 
Alſo the probability ef n the ſaid » years will 


ben; and therefore the probability of his dying in 


2 2 


at time wil bo (1D) © 5 which the probe · 
bility of B's having the reverſion of a: porn; at 


the expiration of = years. 
| on the reverſion. of the perpetuity after » Tn wil be 


by queſt. 15 ; and therefore — will 


= mi Xr=1 
be B's intereſt in that reverſion; which, being added tg 
ths above-found ex pre ſſon of B's intereſt in the firſt » 


| Years, will give 1= 2 *— 6 | c= 06% & 


2 MAT SIUTAT TIA 
Ce r 
. 


ce O R © the 

if le quattion had mootl4 & have fend the vale of 
his reverſion from tables af obſervations 3 then the value 
of an annuity for = years, if 4 ſhall live ſo long (which 
may be found by queſt, 60) being taken from the value 


of ap annuity for » years certain; the difference will ſhew 
s intereſt for the firſt » years: alſo if @ and h be, ſeve- 


zally, the numbers proportional to the ing A* agg, 
and at the end of a years, tins will be the 

N iI 
remaining gen of hu seren for cer. 


The above rule, expreſſed in words at length, . follows : 
_ Feral: fir finding the value of the re of an fiat 
of one paund per annum, in foe ſimple, after the death ef « 
minor (if that hapgen before he comes to bs of age to pole 
#) albwing compound intereſt at o rats, and ſte 
ing the decrements 27 en Legen 

Lit the number ＋ years, which 4 kr oboe wants of 86s 
tbe call bis ef of life ; A being 
af age, his complement of p:ſſeſſion. 
 Fromunity ſubtra? the preſent worth of one pound due at 
le end ef the. complement of paſteſſn: multiply the remain. 
der by the number which ¶ in the table annexed to gueſt. 20) 
Hanis, on a line with the rate, under the litter Q and 
"divide the product by the complement of life, fo ſhall the gur 
tion be the valus of the reverſion required. 


E X A M- 


1835 
E X A MF L. . 

Suppoſe that B and bis heit ate entitled to. an elde 
of one pound por annum, if Al who is 10 years of age) 
ſhould die before he.is -21 3 what is the reverſion worth, 
loving compound ititereſt at four per Cent. 4 
Here (86—10=) 76 will be the complement of life, 
And (21— 10 =)) 11 that of poſſeſſion. 
Allo the preſent worth of one pound duc at the end of 11 p 
rears is 0,64963- 
indthe number landing, on a line with th rate, under 
9, is 650, 
Now if (1—=036496=) 0,3504, be multiplied by 650, 
be product will be 227,76 3 which, being divided. by 
76, will quote 2,997, the value of the reverſion re- 


QUESTION” XCIV. 
Suppoſing the the decrements-of life to be equal, it is 
rquired to find the value of the reverſion of an annuity, 


which is to continue during the life of a perſon of a given 
8 mum aner 


halſo giren ? 


SOLUTION. 


Let the complement of the life of the preſent poſſeſſor 
e denoted by a, and that of the expeQant in reverſion 


Then 


is MArntuarical 
Then the probabilities of the poſſefior's dying, in the 

' feſt, ſecond, third, Sc. years, will be 

2. _—, ——— De. Z £10082 | 


And the probability of the expeRtant's living to the K. 
end of the firſt, ſecond, third, c. yean, will be 


— — DD oe. 
* 7 


And fince theſe two events are independent on 
other, it will follow (from queſt. 28) that, 


* 
probabilities of the expettant's receiving of the fr, 


cond, &c. yearly payment; I 
Which probabilities, being taken as the values of t. 

firſt, ſecond, &c. payments; being expanded by mul f 

plication, and their preſent values being found, will g 

the value of the reverſion, wiz. * 


dS: 
Tr 


. Ne. is the yalusof a0 
vun onthe lie ofthe nge, 


i X- I. 2 Xn—2 , 9-3 N. 
* — — 2 2 
the value of an annuity, to continue during the joint | 
of the poſleſſor and expectant. 

- Therefore, if from the value of the expeftant's lift, 
walue of the joint lives of the poſſeſſor and expeBant be to 
the remainder wwill be the value cf the reverfion : 

Or, if from the value of the longeſ! of the two live, 
| life of the preſent poſſeſor be taken; the remainder wil 
the value of the reverſe. 
LES . 


1 
Now the value of the longeſt of the two live (per queſl- 


e bx, 


8 F 


The difference of which will be 


Ner- — > the value of the 
reverſion. 

he Which ities (reſtoring + PP, for D; Ibis, 
bor R, and y for.) will become 


CE GEES LE 


— 


„ 5558 


EXAMPLE. 


-Lotche cnpetizac dogg your ee end e 8 
54 years, allowing compound intereſt at four per Cent. 
Then pq 43 (86-4455 32 = 3 = 


0,285058;— = =0,185168; r=1,04 ; r+1==2,04 & 


P=25; 32 32X0,185 18825, 925376 e 135638; 
1=pX7F1 1XP=36,462050 ! 
Then 43+5,925378—3,1 35638—36,462050== 
9327688 

7 — — 650 


Which 


And the value value of the poſſes iſ per qu. 0 is 


. —ô- . ˙—Ü .,., ,,,... , 


O þ IN - - * 5 n . a - YE — * Pe. * 2 ls = a 8 — 
g ' a 4A YC co td! T4 . iy A GEE GA CCC WG IC Oy CSS CE EO 
. = bad By - = 4 _ - 
8 — F n DES NE — = wg = —_— 


. 
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Which is the fume anſwver, as wil ariſe from the pr . 
ceſs firſt above directed, r. n 
From-the of the expeBtan' le, which, 
exam. — is ee. $12.9, 


- Take the roles of the Joint.lives, my 
exam. 1, queſt. 64, is ann J 8,277 


a -- P 


Remains the value of the werfen —_— Fr 
Or, if the approximation to the valu of the join iv 0 
be made uſe of, then. 
From the value of the expeftant's life , 
Take che valve of the joint lives, I + 
— Pa 2 
The remairder, NN. lb, nl will 30 


value ol the reverſion. — | WA... 
Which, i in words at 2 — 
The rae for fading the value of the rewerſfion of. an an. 
nuity, for" 4 Furs tife, after the fuilura f anther. given 
* elder than the former ; having the values of the ſingh: 
ves given, allowing compound intereſt at a given rate, and 
Juppeſong the decrements of liſe io be equal. 
Ut the numberof years, which the gium Hurt vant of 
86, becalked their complements z n 
and its intereſt for on nt, be called tlas. | 
| From the ler complement ſubtract one, Bots tb * 
remainder iy fir times the rate, or fd rhirquitient in le 
4ſt table. P. 
SubtraZ this quotient from tle oalue of the pas fo 1 
multiply the remainder by the leſſer complement more one 
and divide the prouud by tawite the greater compleme ut. 


tw 
Lefty, from the value of the lift of the exyeant tat th = - 
walue vw fils . 3 and to the remainder, ai 


{lt 


one pound, which, after his decenſe, is to deſcend to 4, 


annuity, allowing compound intereſt at four per Cent.? 
Aud the value of B, the poſſ ſſor z life, is 10,78; 


quotient will be g, 970. 


and the poſi ſſot's . the . of te poſſeſſor life 


two 8 N leave OX wp — RX, the value 
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be uf fund ee, 5 Jl he fam be the cu 1 
. {+ bg | 


E X AM L E. 


„ 


* 


B, who is 34 years of age, i poſſeſſed of an 1 


aged 43 years, if he ſurvives B, for the remaining part 
of his life, what is the preſent value of Z's intereſt in the 


Here the value of £, the expeQant's life, is 12,683, 


Alſo (86-43) 43 is the greater complement, 
(86—=54=) 32 is the leſſer complement; * © 
And (1+,04==) 1,94 is the rate. ; 
If (32= 1=) 31 be diyided by (6X1,04=)6,24, the 


— — —ͤ— 

3 — a — — 

—— — — 
Ar 


Then (10,47 8-4, 0 5. 508, being multiplied by | 
(32+1=) 335 Produes.,4$1,764 3. which, divided by | 
(4 3X 2==) 86, quotes 2.114. | 

Lilly, (12,683—10,478=) 2 renn 4=) 
4,319 will be the value of the reverſion required. N 


Cass 2.' When the poſi. Gor. is younger than the ex. 
pect int, then the tomplement of the expectant's life , 


— — 


„r —» . — ry GE Cr. 


— — dips — Ap 8 


* 


will dee 


ons 


N- 4 
Which, then + 1 the v>'ne of the longeſt of the 


* R 


— 


— 
** P 


r 
We 8 5 
I” — 
* 8 = 


ol the 8 . l 5 
Vor. I. 0 I:;4 « 0 3 = % 5 Which F 


4 ; 4 p Yi i fF 
1290 e 


Which (writing þ for —, and -PP for E. Ce) will be 


. PPT 


rene ct . 
che poſſeſſor 43 years, allowing compound intereſt at four 
per Cent. 

.Then m==43 3 2325 iet r, oa; and 
P=25; TIXFiXP=36 46209 ung 9 = 


1,139438 : A 
Now (1,285058=1, adobe anna 
the value of the reverſion required. 
Or, if the approximation to the value of the Jolne Live 
be made uſe of, then, 

| From the value of the expedtan' life N, 

* the value of the joint lives, ___ 


——  ——_— 
. 2 


Which, expreſſed in — at length, W 

The rule for finding the reverſion F an annuity, for « 
given life after the failare of another given life, young" 
than the former ; having the value of the elder life give, 
all-wing compound interefl at a given rate, and ihrn 
the decrements of life to be equal, _ 


* «id 


Let the number of years; „ 
$6, be called their complements ; and let the fum of 
pound, and its in;eref for one year, be called the ram. N 


'RxposriTORY. 29 
Nia the Ker complement ſubtract one, and divide the 
bug» ſs ahead n inet 

laſt table. 

Subtract ah aer flow the es wi of the elder 
life ; multiply the remainder by the leſſer complement more 
one ; and Zivide the pro iy twice the greater comple- 
r 1 Pahang quetient be the value of the annuity re- 


d EXAMPLE. 
A, who is 43 years of age, is poſſeſſed of an anndity 
— of one pound, which, after his deceaſe, is to belong to 
B, who is 54 years old (if be ſurvives 4) for the re- 
mining part of bis life ; what is the preſent value of B's 
2W intereſt in the annuity, allowing compound intereſt at 


four per Cent. 
9 Here the value of E the elder life is 10,478 ; 
. (86-43) 43, will be the greater complement 
{865 4=) 32, leſſer 
And ( 14,04=) 1,94» therate . 
Now (32 — 1=) 31, being divided by (6X1 ,94=)6, 24; 
the quotient will be 4,970. 


Then (10,47 $—4,9705=). 5,508 being multiplied by 
* {3z2+1=) 33, produces 181,764 ; which, divided by 
VN 8 quotes 2,114, the value of the revetſon | 


Cass 3. When the poſſeſſor and expectunt are of equal 
ol 225 then the value of the reverſion will be 


1 2 DN =, o H =x; 


And the — vill be 


1 | 
2 as will appear by writing n for n © in 


| the expreſlous obtained in the laſt caſe, | 
f O02 The 
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The preceſs, being. the ſame, in both methods, with 
that given in the example to the laſt caſe (excepting oi 
th: t the de agree are IT. an 9 would be 
*. re {4 * % 9 1 Fr 1. 
ts e e e 
. "EC EP rr _ ——— — . i 


LD 


QUESTION xc. 


 Suppoſing the decrements of life to be equal, it is re. 
quired to. fiad the value of the reverſion of an annuity, 


© which is to continue during the joint lives of two perſons 
. of given ages, aſter the deceaſe of the . . 
whoſe age is alſo given. * 37 


-$OLUT-ION. 


Let the romplement of the life of the preſent poſſeſſor 
be denoted by a, and thoſe of the expectants by 7 and ; 

Ihen the probability of the poſi ſſ rs dying, in the 
fi: ſt, ſecond, or Ty Sc. years, will be 


7 feb}! ; 
Win ES waive 


” - 


mw the | probabiliry of the j joint continuance of the two 
expectants lives 1 for the Pro ſccond, third, 2 


6 - 
: 
* 


* 


years, be 

— — — | 
. EXPE? mt. , mt Sc, Wu 

Which $robabilities being ſeverally multiplied into ith 

correſpoading probability of the poſſeſſor's dying, wil 

give the values of the firſt, ſecond, OF: P33 ments of the 


reverſion, viz. "Eh V 


MN e e 


4 =" * 
. an. K 2 „ we neil 

4 a * 4 N " — — 4 
| 0c * 
2 w 4 (= — — > 415 


1 * 
* X 13 
1 


min . 5. 
the rer values of which payments” will 60 Ae 


| —— — — * — 
— — 1 M2 Kt 
a” Mar ih | mtr * 
| Nn 
6 _ , Oc. 


— 


4 4 


. 


20 


Now * — oo den Sh &e. 5 
the value of an — — Joint Live We ite two OX» 
. — 

peQants, and "ans —— Se. 
js the value of an annuity on the joint lives of the poſſeſſ. r 
and two expectants. 

Therefore ; — of the joint lives of the 
two expeFants, be taken the value of the three joint lives 
of the peſſeſſo and tee expetants, the 2 epa will be the 
reverſion of the two joint lives after ne. 

The application of the above expreſſions of the rakes 


of joint "_ to this rule admits of eight caſes. 


Cas8 1. When the poſſeſſor i is older than either of the 
their ages being unequal, 
Then the value of an annuity-an the joint lives of the 
two expoctants will de 


2 1 1 I 


and- the wales of any. annaity on three joint lives will 
be 
| 0; 74 
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— 


— 


r 


1 W. m 


„ -e , 


; — . —— VIZ. 
— — 


x. en be the value of the reverſion 3 which 
way be wrote as follows: | 


-$SCHOLIUM.. 
| R of the joint lives 
be applied to the ſalution of this queſtion ; then, in this 
caſe, 
| The value, of the expeftants joint lives will (by ſcbol, 
to queſt. 64) be ar 2 and the 


value of + of th thee joint lies wil be by {chol. queſt. 69, 


2 nll „t 1 312 
We- -T nn IDES, 
— — 8 will 
leave u remainder, equally difficult to be applied to num · 
bers, as the two ſeparate expreſſions are; which ſubtrac - 
tion is therefore omitted. Bo 


He tint — 22 


2 2 
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Now by examp. +. e 64, the two join e. 
are worth r 
And by ſha en 6, the tres huhn. k 


worth { 4 $,190r 


— —— 


Therefore the reverſion will be avs . 


 Casx 2. When ab ebe Abe ad of equi ge, an 
the poſſeſſor elder than either of them: | 
The folio ofthis my be duct from tha fc 
1, by making 725m a8. follows. | 


— — — 
— 2 x " * 
. K* * Ee, — x — 


4 

— to the values of the joint lives, 
are as follows e 

The two equal j joint lies per ſchol. to queſt. 65, will 


be UX == . . — and the value of the three 


joint lives, e eee e will be 
E 40% —3 

2 ＋ 5 2 2 
by queſt, 70, But in this caſe ah. the 
latter r. bee ſhorten 
the numerical proceſs. 

Cas z. When the poſſeſſor is younger than either of 
the expectants, their ages being unequal. 

Here we muſt call the complement of the poſſeflor's 
life e, and thoſe of the expectants w and x. 
Then the value of the joint lives of the expectants will 


. 


O4 


From which, the value of the three joint lives being: ta 
—— 


9 ts 0 M4431 1411 $2:)2 5; 


I 1 
2 * 5 irrt . real} IP ID * N 


1 2 3 73-1635 err wide 
nt; ® ” LAS me =” | REFS 


the value of the reverſion, 2 may k ande dey 


4 — ä —— 


A en ; 1 My gp 2 1 2 2 
— — ) * 1% mmt 

1—9 
Y _ 


Now if the approximations see of the joint 
lives be applied to this caſe; then the joint lives of the 


expeQants will dune — 64) W's £47 1 


© 
my ther * the three 


| ; - . 3 = 


j ing ers BE _ x! +1, — 1 
6 nt =D, ne. may be wrote 5 (= vii 524 


* 


a * , : 


i 127m 2 
which laſt expreſſion, ” dbing ſubtracted from the value of 


the joint lives of the expectants, will leave 


—— * — — — 


* I iX „—1 
2 _ — „Xx 
2% 121 
— —ũü ũ— 
% — 2t 


'Rzypos 1 aer 14 


. taED = 


on th ps if th recon Bl be. R 1. ey 
Min . * 8 — 8 
TR — 1799. ——.— Cs 
NP. — * ex which, 
2 127m 27 
$157 — 
becauſe 1— . | eit ne 
— ERET 0 RE. we; Minn 1 - 
3 a tf. me — Nn i P 
2m _ 27 


But, ſince 2 —3 differs but 2 from 2M—1—1, and the 0 
diviſor I z2rmx̊at is great in compariſon of the difference ; 
let 2979—1n—1 be wrote for. 2 — . 3, and the reverſion 


will be Us 

- * L * ae 
* bi — Mo—_ 21—7— « | I 999 "RE" 
— 1 — . — 

L 28 | 85 

N — 
; | ( i 21 ——1 

43.47 1 200 94. — — £ 


Wh: ch, erer in words at bers, will ſtand as fol- 
lows: - ! 

The rule 15 rl. wakes If the mſi hs an annuity, on 
two joint lives after one hes the axpectants are [everall} 
eller than the por, and of untqual ages, having the 
value of the oldeſt life given, alhwing compound intereſt at 
a given erde and Jappeſong the decrements of life to ber 
r 


o 
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Ltt the exmber of years, which"each Hr wants of 80, 
be cached their complements. of A and bet the fom of an 
pound, and its intereſt for one year, be called the rate. 
From the complement of the elder exyefant's lift ſubtra? 
ones and divide the remainder by fix times the rate, or bt 
this quotient ct — the laft ; kt the quotient be 
| . ESEt IE Hens 77 bo, 
tale the complement of the elder area and one ; mulii- 
pf the remainder by the complament of the elder eæpectan: 
more one ; and that produft by the above found remainder 
N; divide this Jaft produt? by four times the produt? of the 
complements of the pyſſefſor and younger expeZant, fo Ge 


EXAMPLE. 


If he reverſian of an annuity for two joint lives of 54 
66 after a-life of 43, allowing 4 per Cent, be ne 
quired, — 

Nan Gb the rates of thi de Bhs 
(86— 432 43 NN i ee of the pol. 


ſeſſor's life, 
(86— 54) 32 that efthe poragirexpotiine 
| (86— 66==) 20 that of the elder expectant, 


And (i. oz) 1 | 
'Then(20— 1=) 19 being divided by (6x1,04=) 6,24 


will quote 3,045 ; Which, taken from 75333, will leave 
4.288 for the remainder R. 

Ard (2x32—20-—1=z64—21=) 43 being multiplied by 
(2z0+1=) 21, will produce 903 z which being alſo mul. 


tiplied by (R=) 4,288 produces 3872,064 ; — 
5 4 ns 


SF 


M 


Or 


* 


. > 
* 


product being divfled dy (4x 32x43). 5504; will quote 
0,7035, the value of the zeverſion require. 
Cass 4. When the expettants are of equal ages, and 
ot Lins oh meow hp al 
| The ſolution of this caſe may be deduced from that of 
the former, mans Cn as follows ; 


. 
. the eee 
hun lives of — AG MCA 65) be 


2 3nd the value of the ilue joint 


ines NO n—1 „2 SIP BE. > lens | 


(by queſt, Mo 
Whence, by ſubtraction, the value of the vera will 


* 


27 27 27 , 


21 n+1 D a=; 
2 Nees 27 


| Alſo, becauſe (nix rr Wu differs from i only 


by unity, and is to be divided by gur. a number great in re in re- 
ſpect thereto ; therefore let an be wrote for aÞIxaml, 7 


EET OY TOE ANALY 


85 | | 4 


7+: Ae 2110 
300 . MATE MATION br But 7 


— e: 
(== ng bd in word 
length, 1 


Je rule de find the walue of a ae ay 
on eus equal joint lives after one, auben the expettants arr 
elder than the poſſeſſor ; having the value of, The fongle biſe 
of ore of the expectants given, "allewing tompound interef 
at à given rate; ROS AAA» | 
MS of years, which, ho 55 — of 86, 
ze call their complements of life ; and ier the ſum of on 
pound, and its interef{ for one year, be called the rate. 

© From the complement of the expectant's Ait fubrra# thru, 
and divide the remainder by fx times the rate, or find the 
gun ient by table the all. 

Subtra this quotient from the given a of the ex- 
petant's life ; multiply the remainder. by . the. complement of 
the expetiant”s life ; and divide the padus? by four times th: 
complement of the þ1ſſeſſor's bfe, fo Ball the — br th 
MEE Eve . 
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— EXA LE. 
" If the lives in "WW each 66, the poſer 4; 


add intereſt four per Cent ee 

'F don 7.333 will be the value of each expectant's life; 
(86—43=) 43, the comp. of the poſſeſſor's bie, 
(86 8c) 20, that of each expectant, 

And (1,04=) 1,04. the rate. 

Now (20-3) 1. e divided by (6X1,04=) 6.24 

will quote 2,724. 
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the diflereac of which will be. ni wit tllcaln 
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And (7,334=8.7248) 4.600, being multiplied by 
20, produces'92,180 ; which, being divided by (4x43=) 
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172, will you 0,536, the value of the 2 
du. e 
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„ss nee and the 
other younger, than the poſſeſſor. 
Here the complement- of the poſleſars life mul be 
called u, and thoſe of the expeQanc ? and . * 

Then ths vaſugof the zoist lives of the erpec ant, will 
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From which, taking the value of the three joint lives, 
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ay be reduced to 
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E * the value of the ee 


required. 
This may be expreſſed by the fame 'words as in the 
rule for caſe 3 ; to which the reader El. 
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EXAMPLE. 


eee eee 66 years K 
the poſſeſſor 54 ; and the rate of iotereſt four ger Cent. 
Then 7,333 will be tho value of the oldoſt life; | 
41086—54 2) Rr the pcſ- 
ſeſſor's life, 

686—43 2) 43 —— 

(89—66=) 20 — 

And (1, ogg) 1,04 the rate. 
Tben(20— 1=) 15, being divided by (6X 1,04=) 6,24, 
- will quore 3,045 3 which, taken from. 7,333, will Jeare 
4,288, for the remainder.R. . 
And (2x43—-20-1=86-21=) 65, being moltiplied by 
(20+1=) 21, will produce 1365; which, being alſo 
| I by the remainder (N) 4,288, produces 585 3,120; 
Which 
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which laſt product, being divided by NANA 14. 
will quote 1,063, the value of the reverſion requiced. 


Cass 6. When the d axpetiant jul the pu 
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This caſe may be ſolved from the lat; by 

form; pod cho value pe the reverſion will be 3 $4 
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And the approximation thereto | * —. — 


which may be expreſſed by th Tame wth, yes 
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Cat 9. rene 
are of the ſame age. 

This may be alſo ſolved'from caſe 5, by writing = for 
es and the value of the reverſion will be 
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And the approximation thereto Ne —x 
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This is alſo expreſſible by ao wes gm i the rule * 
to caſe 3. 


Cass 8. When the expolnts and polldor ure of cul 
ages. 

Then calling the complement of their lives a, the fo 
tion may be obtained ſrom any of the foregoing caſes 
(ſuppoſe the firſt) by Mo ee _ | 


— for =; as follows, 
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The mh to \ fad D tg e 
. e ede Bugs after ate He of the Jams 
age; having 'the value of a fingle lift of that age given, 
albwing compound intereft at a given rate, and. ſuppying ut, 
 decrements of fife to be equal. TIE 
|. Let the number of years, which the given age wants of 
86, be called the complement of life ; and let the fum of one 
ar and its inter for one year, be 2 the rate. 
Fam the complement” of life ſubtra@ three, and divide 
the remainder by fir times the rate, ries dy 
the Jafft table. 4154 
Subtra® this quotient from the given valut of thi Axl 
% ; then ſhall aus fourth part r Va- 
4 N an | 
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REY EXAMPLE. 


If the given age be 66, and intereſt four per Cone. | 

Then 7.333 will be the value oſ the fingle life, 
(86—66. 1 will be the complement of liſe, 

And( 14+,04=) * the rate. 
If (20O— 3 1 1 divided by (6X 1,04) 6,24, 
the quotient will be 2,724. 
And 7,333-=2,724=4,609, the fourth part of which, 
wiz. 1,152, will be the value of the annuity required. 
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— Now the approximation to the value of this reverſion. 
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cappoling the Hes i fl bo be aqua), it is re- 
quired to find the value of the- reverſion of an anvuity, 
which is to continue during the joint lives of three per · 
ſons of equal ages, been ur. H. Kere ef 
the ſame age? vl 


© $OLUTION. . © 
Let the complement of their liees bs denoted by a 
Then the probabil ty of the poſſ. ſſor s dying in the 


frſt, 1 third, Werd 
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whence the values of the firſt, ſecond, third, T6 . 
ment ef the reverſion will be 182 


—1 i. head... nz 2 n— * ˖ 
And therefore, the value of.the required reverſion may 
be found by ſubtracting the value of the four equal joint 
lives, from the value of the three equal joint lives. 
Now retaining the ſymbols uſed in corol. to men 75. 
NP 2 , 85 


us 
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228 => 24. 37 — 27 


mer 271 LY etch. 
„ een it for there: 
verſion of one life after one; N 4 for the reverſion of two 
equal joint lives after one; I in for the reverſion of 
three equal joint lives after one, &fc. | 


Since R = 2 _— 
R= Hap =, 
R= a+ R+ F=- 7 . | 
* e f Ohh 

go 10 - p 
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And the value of the reverſion of av equal joint lives 
after the failure of one life of the ſame age, will be 


| By queſt. 94 
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la which expreſſion Y and Z denote che i an 
Patch factors ia the ſeries above quoted P. 2, R. Er. 


and the ſigns throughout the n 126-2 7 
and ws 1 
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"QUESTION n. 


Soppoſing the deehements of life to be equa], it is r6- 
quized to find the value of the reverſion of an annuity, on 
the the longeſt of two lives of given ages, after the de- 
—— ange whole age is alſo given. | 
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$0LUTION. 


Let the complement of the life of the preſent + tte 
* td and thoſe of the expeQaonts by rand 


| Then the probably of th poſt's lg th 


2 Er . 


which 1 belng ſeverally multiplied n 
correſponding probabilities of the poſſeſſor s dying, will 

give the values of the firſt, ſecond, third, (Fc. dae 
v vix. 
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| The preſent value of which expreſſion, befng compared 


with the firſt expreſſion (given in gueſt, 80) for the. value 
A 1 W then 
both by 
7 JE) 2 the vie of he nc of the r. 


ſeſſor. 7 
Therefore ; MM a Cs AP te ae 
lives of the pair and two exptFanits, be taken the.walu 
of the poſſeſſar*s Ns, the remainder will be the value of Il. 
rewerflon, of the longef! of two hues after one life. 

The application of which rule to the foregoing ſoluti- 
ene caſes, as in queſt. 95. 


| " Cain x When th polio is oder tha either of th 
erpectants, their ages being unequal.” 
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By the ſolution of queſt, 80, the value of the longeſt of 
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three lives is 
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And &! queſt. 5 the 152 of te re life will be 


Pt — "x B which, — from the for- 
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ſion, which may be deduced to 72 
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Nothing v ould be ſaved (in the numerical proceſs) by 
- ſubtroRiog the ſymbol of the. p. ſſ. ffor's life from the ap- 
proximation to the value of the loweſt of the three lives» 
found in queſt. $1. rc 
Thereſore from the approximate value of the 

longelt of the three lives Frs Forks 
Take the value of the poſſeſſor's life 7.3333 
The xemainder will be the value of the rererſion 7,808, 

Ittemains to compare theſe with the true reſult, viz. 


From the true value of the longeſt of ay * 
lives found in queſt. 80 1 - 115 15,190 | 


Take the value of the poſſ. ſſor's life 7.333 


Remains the true value of the reverſion 7,857 
f It appears from the ſolution of the abeve caſe, that, 

whers the value of the poſſoſſor's life is given (as in the 
- tables annexed) this numerical proceſs will be ſoon per- 
f formed ; 
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formed ; and therefore the next 6 caſes are here omitteg, 
aut we fhall proleetl' the 6th. | 
as 8. Een 
This maybe fared rom caſe t, by making 2 


—— = — this ä 
Abad... If, 
Wet 2 2 . 
Allo, if from the approximation to the value of the 
: en of three equal lives, viz. MI rent , 
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X. 5 the value of the poor, life 8 
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the remainder -e will bythe valueo 


6r 
the reverſion. 
I be giving of a rule, in words, for which; will be on. 
neceſlary ; becauſe it will differ from that ia queſt. 84 and 
$5, only, in not adding the value of the inge life, to the 
quotient, found as therein dd. 
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QUESTION xv. 


a of life to be equal, it is n 
quired to find the value of the reverſion of an annuity, on 
the Jongeſt of three equal lives, after the deceaſe of 3 
ſourth perſon of the ſame agg. | 
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$0LUTION- 


e da A bt by n; 
Then the probabilities of the fate, dying in the 
. firſt, ſecond, third, c. year, will e 
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1—. i= ==, = &c. 
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And by arguing, as in queſt. 8%, che probabilities of 
one, at leaſt, of the expectants lurriring the Url, b. 
cond, third, Se. Feats WIN De: | 


which probabilities, being ſeverally multiplied into the 
— probabilities of the poſlefior's dying, will 


which differ from the like expreſſions found for the value 
of the longeſt of four equal lives by the value of the ſingle 


e. life ——  —— &e. e <5 


2 | a abt required rever fon will be 
fund by ſultrafing the walue of the fingle liſt from the wa. 


4 fur of the linge of the four equal lrues. Wea 
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Now, if we uſe-the ſame ſymbols as in the corol. to 


-queſt. 86, 

IV Hor 2712. 2, 
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Therefore the value of the reverſes of.ax ab anntiy, 
ede e lives, alter one, — 


| A942 6p 1 85 — 2 1 
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If L. denote the revinien Is longeſt of two 
equal lives after one; I · Ri the revetſion of the longeſt 
of three W. — after = Se. then 
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r 2+L 3+ #2 tex 5 7. 
then LB. IL 24 2 21 2 8+ 2 7 
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Ard NL of the 3 POR of ite dengel of = equal 
lives, after one life of <a age with the former, will 
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Where Z is „ a hee af . ts 5 2. R. 
&c. mentioned in queſt. 20; and the term into which it 


is to be multiplied, will always be negative. . pot 
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33 the decre ments of life to be equal, it is re- 
quired to find the value of the reverſion of an annuity» 
which is to conti aue during the life of a perſon of a given 
age, after the joint lives of two PROS whoſe ages are 
4 given. | 


$OLUTION: 


Let the complements of the'two lives in podleſſion bs 
m and x ; and that of the expectant z. 


Now ſince the probability of both of the poſleſiors 


living, to. the end of the firſt, ſecond, GEN year, 


— 1 . — x 12 
bu » 56 K f Ser. 


mn mn 
| Therefore the probability, that one of ak at leaſt, will 
fail, in the the firſt, ſe ſecond, third, Oe. year, wil will be 


— I, 
1— — wont — O- 


And the probability of the continuance of the expect - 
ant's li ſe, for one, two, three, Oc. years, wil 10 


1 2 3 994 
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which probabilities, being ſeverally multiplied iy the 


correſponding probabilities of one of the poſſeſſors —_—_ 
Yos. H. P 
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will give the value of the firſt, fecond, Ec. payment, 
r T_T 


D 24 _ — * rad x 
15 ant 1 8 
— preſent vibes of ee will be 


1 ml iii 12 2 2 2 —2 


7 nr 7 Rr * 
mer + + . oe. is the value of thee: 
peftants life. | 
4 — Xi I 8. 
mute r pe 
ee of the three Joint lives, of the two peſſeſſor 
and the expꝑe ctant. 


Therefore ; if, from the valle of theexpeRant's life the 
value of the three joint lives (of the two poſſeſſors and the 
expeftant) be taken; the remaitider will be the value of 
ene life, after baus joint lives. 
New bere (a in queſt: g7) it will appear, that, when 
a table of the values of fingle lives is at hand, nothing 
will be ſaved, in the numerical ſolution, by finding the 
difference "of thoſe two values, as expre ſſed in ſymbols: 
it is chere ſore here thought ſufficient to give an example, 
and anſwer it by the former refults. 
What is the valae of che reverſion of an annuity, to 
continue duriog the life of a perſon aged 43 years, after 
the jolnt Nres of two perſons df the feſpective ages of 
54 and 663 eee e ee 
Firſt, by the true method, 
From the value of the expects Lib duell: 56) 12, 683, 
Take the value of ibe three joint lives (queſt. 69) 5,152, 
| — 


cds value of the reverſion 


74531 
- Secondly, 


F. 


From the valuc of the expectant's life 12,683, 
Take the value of the toes Joins ive 5.199, 


N- : 2+ 3 = Rm e 


: = SS R+ 28. 


which is to continue during the life of a perſon of a given 


. the ſame age. 
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— by the approximation, — —* 
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If the given lives are equal, and the fume hoben be 
r to queſt 75 ; then 
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QUESTION C. 


_ _ Suppoſing the decrements of life to be equal, it is re- 
quired to find the value of the reverſion of an annuity, 


= - - — 2 
. 


age, after the joint lives * i > peo 


l $OLUTION.. | 
Let the complement of thoſs lives be #. 


Tubes the prohabllity. that one, atleaft, of the three 
2 will * in · the firſt, ſecond, third, Tc, year, 


** 


= P 2 which 
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which, being ſeverally multiplied by the reſpeAive 1 pro- 
babilities of the expeRant's living. to the end of the firſt» 
. fecand, third, Sc. year, will give the firſt,” ſecond, 
third, &c. payment of the reverſion, wiz. 
Add a nn — © pans ON K 
u n* A” a * 1* 


3 if, from the value of the ſingle life, the wa. 
lue of the four joint lives be taken, the remainder will be 


the walue of the even. 
Now, if the ame ſymbols be uſed i e to queſt. 
15» then ; = 
=P =? 
W =P— = 
N 2 5 — 24 7: 


therefore 1 9 © 2 RES 8 hy T will be 
——— 


COR OI. 


ian devote de value of the reverſion. of one life 
, after two equal joint lives 3 the i IR the reverſion of one 
liſe, after three ſuch lives &c. then 


fince R= ——= Hoi x, | -queſt.94 


2 Ts 


= NE * 2 45 1 


| And 
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And r 
Joint lives of equal ages, will be a 
. 1. r 965 + 


2 n+ zu · zu 


vere h 0. Sad Bae of Gries L. K. Ry Ke. 
whoſe values are given in queſt, 20, and the terms will 
be alternately + & =, 3 


QUESTION el. 


Sippoling the the 5 of life to be * it is 
required to find the value of the reverſion of an annuity, | 
which is to continue during the life of a perſon of a given 
age, aſter the longeſt liver of two perſans, whoſe ages 
are alle een. q 


SOLUTION. 


Let the complements of the lives in poſſeſſion be = and 
and that of the expectant . - 
Now the probabilities of both of the paſſeſſors dying 
in che ö corol. 

queſt. 29) be Tha, 


2 — or ee 


— — — — ww 
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2222. cent trwdvintc 
the firſt, ſecond, third, Er. years, is 427 ber 

= | 


R ahbe into Sr of 

the two puſſaſſoss dying, aud the preſent values of the 

— _ yok, te 3 e. 
vx. | 
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Edge Has NI in queſtions 76 
and 80 for the reſpeQive values of the longeſt of two 
and three lives, be compared with this ; it will appear 
to be their difference: and, therefore - 

If, from the walue of an ainyuity en "the im of the 
three lives of vhe two pefeffirs and expefant, thr wake of 
an anniity ew tht lui of the woo herr Murr br raken ; 
the remainder will be the walue of the reverfiar, of one ift, 
after the langeft of two lives. 1 

The application of this, to the former {otation will 
likewiſe admit of . . _—_— 


Cas 4. When — noqwiage, 1 
both elder than the expedtint. , 
Tien, the value of the ae or the longeſt of the 


three lives, will (per queſt, 2 


8 


RIZ TOA ITE 718 


| | i (5 S 
and the value of the —_ on the — of the wo 
! lives, pl L's | 


„„ 


A. -who is 43 years of age, F 
of an eſlate of one pound er amm⁰ for his life, 
after the deceaſe of his father (Sho is 66, years of age) 
and of his mother-in-law (aged 54) who is jointured, 
—_— . „ re e er 


allowing: four per Cent. 2d 
By the firſt method, | 
e ne IT 
SubtraR the value of the longeſt of the two 
peoſſeſſors lives, found per queſt: 76 5 6 


Remains the value of the reverſion required 3.286. 
Ry the method laſt given . 
P 4 2 Here 


NO MATHEMATICAL 
Hoo mr ner rn. table 
queſt. 20. 77 =0,185 168; - 2 o, 289056 j — > = 


0,456387 by table of the — preſent . of one 
pound 2 3 m==32 ; 1==434 #mz=640 ; -I, 
NX 220 - {=—=1=23 3 {—nXn=460; 640X 
©,185168=118,5075; 220X0,285058=61,7128 ; 
460X0,456387==209,9380 ; 20X0,285058=5,7642 ; 
2— 2 —3, ; —3X0,456387=—1,5692 © . 


K Ei NY = 
— 62,7128 5.7612 
r = £23098: 


— $4,2433X650=—100193 ; + 47:3320X 33650= 
ere: eee | 0,543613X25356508 


+ 90451, being divided / by (20X32X43=) 
27520, will wm —— the value of the re verſioa re- 
quired. +> 
The mn 

three nue is, per queſt. '81, N 
E . 
E 57 "Sahers amt + M— 3 

and that tothe yalus of the longeſt of the twe poſleſiors lives 
is, per queſt. 68, . NM 2 5 therefore the va- 


lor of the reverſion * 


FE 


and — value of the reverſion will become, | 


'Or E 2 55 — 8 : 


The above rule, 3 ck atlengtd, follows 
The rule for finding the preſent walue of the rever/jan of 
an annuity, for the lift of a perſon of @ gien age, after. 
the. deceaſe of tavo other perſonr of unequal given ages, both 
elder than the former ; having the values of their ing 
lizes given, allowing compound. intereſt at a given rate, 
and juppiſing the icy event's of 2 to be equal. 


CY 
doo» +» 


be called their comp . of lift 3 and It one pond, and 
'ts intereſt for one year, be callid the rat, 


Ni Ps | Raus 
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From the complement of the younger peer s life, bra 
one 3 and divide the remainder by for times the rate, or find 
this quotient in the laſ table. 

Saltra2 the guetient from the value of the younger pof- 
fler life ; and multiply the remainder by hls compument. 

more one, reſerving the produd/ N 
Nen the complement ' of the eli pou It, Bas 
ont ; aud did the remainder by ſox times the rate, or find” 
this quotieit in table the laft ; fubtra& the quetient from the 
value df tht zl poſſefſor's hife, reſerving rhe rimainder. 

Bear Tice thi exyefant's complement, r 
0 the elder polielſos*s complement more one; and. this pro- 
n divide this Me: 
duct. ' by lavite the younger pofſeſor*s complement. 

Brom the produc above reſerve \ fubrra#rbr loft feund* 
_ quotient, and divide the remainder by twice the "vxyeHant's 


compunnent- 
To the difference of the value of the fugl lives, of the- 
. TORS: att the quotient laft found * 


R X A M P B B. 


mae pere be fererally of the ages of zu 25d 6b 
A a 


Then 3 value —— life, 
_ ys. pFounger poſſeſſvr's life; 


7.333 _ elder poſſeſſor ; 
And (85—4 32) 45 will de the expeRant's complement: 
- {86--545=) 32 , _ younger polleſſor's, 
{86—66=) 20 . elder poſleffor's ;- 


the rate... 


Alſo { 1+,04=) 1, 


RI Y GST HAF — 229. 

Now (32 31 being divided by (6X1,04=) 6,24 

will quote 4,9689, which, being taken from 10,458; the' 

remainder, will be 5,510 3 which, being multiplied by 

(2211 ) 33 will give 181,83, for the product to be re- 
ſerved. 


Alſo — 19 being divided by (G, oA) 6 u 
will- quote 3,045, which, ſubtrated from 9,333, will 
give 4,288, for the. remainder to be reſerved... 

From (2X(43=) 86, ſubtract 20 & 1, the remainder 
will de 65; Which, being multiplied by (201) 21, 
will produce 136. and this produgt, being molciplied by | 
4,288 (the remainder above releryed) produces. $853,124 

which, being divided by * 64, will -_ 
91,4 * f 

If © laft found quotient 91,45: be ſubtrafted from 
181,83 the 3 above referved) and the remainder, 
90,375, be divided by (2>43=) 86, the quotient will 
be 1,051. 

Lay; if, to WW 2,205, the above 
quotient 1,051, be added, their fam, 31256, wn de the I; 
value of the reverſion required. 


Cn 2. Whenthe paſſeſivrs we of oqulage, Waben 
elder than the expectant. 
| The-lolatian of this caſe may be: dnincd Hap me 


lutionofcaſe 7, Weng for =413 4 


An approximation to this value * alſo, be Ne 
ſrom che approximation given in caſe 1, by writing u for 
1 and N foy M, wiz, 


at 


MATHEMATICAL 


Or, pong NR E : 


But 1 eb Fn +} ow 22 | 
25 ; 


Therefore the value of the reverſion will Nag 
EY 1 
W 


4 
Which, expreſied i in words atkength, follows : 
| The rule, for finding the preſent value of the rever/ion of 
an anuity, to continue during a liſe, of a given age, after 
the deceaſe of two other perſons of equal ages, and both elitr 
than the former; having the walue of the fingle lives given, 
 ellewing compound. inter eſt at. @ given rate, me 
tbe decrement of life to be equal. 
Lu the number of years, „ 865 
be called their complements of life, and let ene poune, and its 
intereſt for one year, be called the rat. 
Bu ile compliment of the life of one of the poſefort, Aab. 
tract one, and divide the remainder by fix times the rate, ar 
find the quotient in the laft table 3, ſubtra# the quotient from 
the wake of ea ofthe poſi He, . the remain- 
by. a 
Raid e a number rea by one _ | 
ibree times one of the paſſeſſor's complement, and twice. the cæ- 
petant's complement , multiply this differ ence by the poſ- 
ſeſſors complement more o e; and maltiply this product 
by the remainder, al ove reſerved; divide this laft pro- 
duct by fix times Ee of the two different comple- 
mand. Then 


Rueo$S17TORY., | 322, 


Chen, if the number, awhich is greater by one thas the poſe 7 


72 5s complement exceeds twice the expettant”; complement, - 
add this quotient to, or if that number be leſs than twice the 


_ expetlant's complement, ſubtra# this quotient from, che di fer- 
once of the values of the-fingle lives. of the exppetant and ont 
of the poſſe ſors, fa ſhall their fam, So be the. 
value of the reverſiew N 


EXAMPLE 


If the expeRtabt be 43 years ld; the two ſtirs 
each 66, and intereſt at four er Cent. 


Then 12, 683 will be the value of the life of the expettant. 


77333 each poſſeſſor;· 
And (8643) 43 will be the expetant's complements: 
(86—66 =) 20 the poſſeſſor's ;- 5 — 


Alſo (14:,04=) 1,04 the rate. 

"Now if (20—1=) 19, be divided by (6, Nb 4. 
the quotient will be 3,045, which, ſubtracted from 73595 
will leave 4, 288, for the remainder to be reſerved : 

The number which is greater by one than — 
will be 61; and (2)£43=)' 86 the difference of which 
is 25 1 which, being multiplied by (20) 21, will 
produce 525 ; and this product, being multiplied by 
4.288, (the remainder above reſerved) will produce 
2251,2 ; which- laſt product, being divided by N 
43=) 3449, will quote o, 654. | 

Now (becauſe 86 exceeded 61) the quotient 0:654, is 
to be ſubtracted from (12, 6837, 3332 53350; and the 
remainder, 4,696, will by the — B res 
quired, '- 2 


Cas 3. When the expdas is eller chan he rt. 


VP 4 1 404 


2 * * 
. | | | - 
65 Let 
. * 5 
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Lat n be the complement of the expeRtant's fe, * 

and as thoſe of the poſſeſſor s. rand 
"This will hy vill of ax unde on the age of the 

two polleſors lives be | 27 

* nn 


RH 


which, bing ken om he vl of the longeſt of he 
three lives, will leave 1 * 


— — 
* 


proxiwation, 5 * ak of th lengt of the the 
DE SE rei — 
Wu ane n ede ut long, . ä 

" Ye rub fic — of the reverſion of 
4 a, to continut during the % of @ perſon of . 
a given age, after the tra of two pern, of 
given ages, beth younger than the former, having the value 
of the expeZant's life given, allowing compound interef! a; 
4 given rate, and ſuppoſing the decrement: of life to be 
Th the nambir of years, which each perſon wants of 86, 
be called their complements of life ;' and tet one pound, and 
its intereſt for one year, be called bbs rate. 
228 | From” 


| Ros K 1. 4. 32% 


From the complement of the expeBants It, jubtraB ;, 
a divide the remainder by ſix times the rate, or find the” 
potent bj the lf table» Jabra the quotient rom deu. 
hu of the expeRant's EA, rejerving the remainder. , 

To the complement of the expectant 5 life, other: — f 
tiph that ſum by ig, ne ee e 
nnindr nhove reſerved. = 

Divide the Nada loft fewns, n 
File — 604 ä be-the 


Rien are HH 2061 - 
5210. 9832-00 ene i: 5s L Aal +4 498 - | 
E X A M L. E. 51 W wa” 
e re re 
erpectant 66, and intereſt at four per Cent. _ | 
Then 7,333 will be the value of the expeBant's le. 


(86— 66=) 20 the complement there. 
6 3319 ments df ue s. | 


(86 43=)-43 une 

And ( 1-+-,04=) 1,04; . rare 3-- © ae 
Now if (20—- t) 8 (6x106=86.14, 
the quotietit will be 4,045, Which, being ſubtraQted 
15333» will leave 4.188, eee w _ 0. 

Ad ir (20-L ra) 21, be mukiplied by 21, * 6M 
duct will be 4414 which, being lſo multiplied by 4,288 
Alſo, if 1891,008 be divided by (4x43x32=) 5504, 
the quotient 0,343, rave nds; n the W ü 
quired. - - N 1510 | * ” — 1 


Ce 4; When the por wes of equal are 1 
both younger than the-expettants 


This 


338. MATE AMADLCAL 

Tin ca may be performed by the rules given. forthe + 
lift caſe ; the whole difterence being in the laſt diviſor , 
which, when the poſſzfſors ages are equal, will, in the | 


* — . 4 — 4. 1. ; 1 x Ty 
<2 { * 33d we 4 585 eien 1 IRA? lan SSI; 


n 8 23 22 Dave 1. 4 wen va 
Cas 5. When th pole ſcon are ee 
other youtyer,- than the expeRant. . ig vhs aka 

Let m- he che wnplement of .the expotiane's life, and; 
+ and = thoſe of the poſifiors. ed $32,595.44 M3). 6 wy; 

Then the me <e Go nga of the 
rf, N EA 


Pm + = XS = 


nf ax" 

which, being ſabre om he vale of an ant on 

the longeſt of 'the three Hives, there wilt remain © © - 
mn 61799 32) e een 

I? F__ * + $3; [=> 53) 

7 =>. = 8 ( 

— —— so. 1 


N — 


& Geddes lint Ne XA o 
we [mat 


„ * 
— — 2 ER 
ans 1 mt 9 


e coat for 
the longeſt of the two lives of the poſleſſors will be * 


1 
D e 
value of = long of of — hlmange-" 


* 


8 ; 
& x * - 


oo "JN I War TT 1 


. Rxyos1ToRY; |; 389 


Xe 0 
2 — — — — — — X — n 
e r 
1 A. N | 3.7 
8 DES 
ö TERS! 
Row 2 Ya 1225 750 —— 
8 rn ; 
* whence the value ofthe reverin will be CONT 
4 | az 52 of r= * 
f — * amt a C15 \ 
Ns — ——= 
„ Tix 2 — 
— — — 
Zn 
5 Which, in words at length, is as follows : 


Thi rule to fond the preſent walue of the reverfint of "an 
annuity, to continue daring the lift of a perſon of a gives. 

\ age, after the deceaſe of deus other per ſons, one of which is 
„aur, and the other younger, than the expeHant ; having 
; the values of the fingle lives of the expeFant, and agi 
paſſeffor, given ; allowing compound interg at à given 

rate ; and ſuppoſing the decrement: of lift to be equal. 

© Let the number of years, which each of the perſons want 


F 86, be called their compliments of life ; and Et one pound, 
and its intereff for one year, be called the rate. 

From the complement of the txpe&ant*: Iife, ſubtraf? ont ; 
and divide the „Mere 2 wed 
quotient in the laff table: 

Subtradt this quotient from the TY! of the Etre 


In; and multiph the remaindtr ——— «eaſy 
ment more one, — US 6 +90 


From 


-- 


| And( 1,045) 1,04 the rate.. 


330 Mien 


From-the elder poſſuſſor” s complemen! ſubtraſs-one, and S5_ 
vide ale remainder by fiir timgy the rate, ev find this-gueti.. 
ens th the loft table ; fubtral# the quotient from the value of 


the older pale Ife, reſerving the remainder. 


| From twice ile expetbant'; complement, Joltre the com. 


 Plement if the.older haar, and one ; multigh the remain. 


den by. tha elden poſſeſſor's complement more one ; and 
multiply that produtt by the remainder above reſerved 3 di. 
viding the laft produllÞ by twice the aun complement. 
Fro. the uu ahove reſerved, take the laſt found guoti- 
ent ; and dinide the remainde/ by twice the complement e 
EIS nr guttnr bo e u Ag 
n 


EXAMPLE. 


Ir the oxpeſtant be 54 years old, the paſſefiors feve- 


my 43, and 66 , and intereſt at four per Cent. 
Then 10,478 wilt de the value of the epectant i life, . 


r that of the elder poſſi ſſor 
186 66 enn 
065345) 32 ExpeQants 
686— 44 % _ - younger poſſeftor; 


Now if (32— 12 34 be divided by (NC 6.24. 
the quotient will be 4,968 ; which, being ſubtracted from 
10,478; aud the remainder 5.519; be. multiplied by. 


(32+1=) 33, the — will . > aun 


he reſerved.  _ 
And. if (409912). 294 be irided by 6,41 and the 


— co By 


Agaia - 


—— - - 


quotient 3,045. be fubtrafied rom 7,333. the remain 


TT FTI 


: elk FI F.: 


AER & & RICE >» 


Rx,» 08 LT: O:K/Ys | 331 


7=) 21, the product will be 903 ; which, being multi 
pled by 4,288-(che-remaindey above reſerved}. will. yro- 
duce 3872, 3 and: e 
quote 60, . 

Lallly, if from rr, ö bebe product abovereferved)-this 


quotient, 605, be ſubtrafted ; and the remainder 121, 33. 
. bbs will be 
PA LR 


„ 


Cn 6. wen he dir poll aifexptan o of 
the ſame age. _ 
The ſolution of this caſe may he derived from the left z 
by writing » for as 3 and for r * 


And the approtimation bee wil, by wig bie 
Nun become 


NR 55 . ! 


* 
u—l , -_ & 


that is — — **. 5 _— . 


e 
ale 3 
Cazy 


Ana- - 44, beivg:muliplied-by-(z0-++ - * 


3322 MarwfuWrirchr 

Cas 7. When the younger poſſeſſor and expectant ure 

of the ſame ug!!! 

This may be alſo deduced from caſe the gth, by writ 
— for /;- when the valur of the reverſion will be 


p ot * v? . 73 


1 1 12 —1 


3 


2m 
which may be expreſſed, in the ſaws words, as, t the rale 
* $96 dm 


Cs 8. When the expeflant and the pom are of 
the fame age. 

The ſolution of this caſe may'be deduced from any of 
the former (ſuppoſe the 6tb)- by writing 1 for t, 
whence the value of the reverſion will become e 


— - 


—— — — 2 — 


NF 2 = — 2 * 
Therefore, for the approximation may be wrote, 


e „ ww RR 


22 


* D or N 2—1 „Ae. HS 
Er "am * ar . 72 


| Which, expreſied in wks length, fallow. 


The rule for finding the walue of the revierfion of aw ar- 
nuity, which If to curling during & dt of a given age, a/- 
ter the diceafe of two other perſons of the ſame age ; having tht 

value of the agli hfe given, allewing compound intereft at 
 @ given rate, and ſuppoſing be er of lift 5 


12 Ma 


ww © 8 .0 


RET — 238 


$6, be called the complement of life and let one pana, and 
its intereft for one year, be calledtht-rate. 

From the complement of life, fubtraf# one ; and divide 
the remainder by fox times the rate, or find this quotient 7 
the laft table. © © £2 $65: $3 Wenn 

Suberatt thin quatient from tht wake of the 2 
life ; multiph the remainder by the complement more 
wo; and divide the produt by four times the complement z 
* e 
le . 


a * 


7 fie thre pens beech 6h ben og, ad the 
of nee of intereſt four per Ct. 
„ hen 7,333 will be the value of the ſingle life. 
'l 0 (86—66=) 20, will be the complement of life. - 
And ( 1+ ,04=) 1,04, the rate. 
If {zo— 1 =) 19, be divided by (6Xx,048=) "+ : 
the quotient will be 3,045 ; which, being ſubtracted from 
71333, leayes 4,288 z this being - multiplied by (204 
2 =) 22, produces 94-34 3 which, divided by (4X 20=>) 
, gives e 
g quired, os F : 


* 


** 


. 
_ * —_— — 
+ 64» 4 
* 
N * 


QUESTION cu. 


Suppoſing the decrements of life to be equal, it is re- 
quired to find the value of the reverſion of an annuity, 
which is to continue during the life of a perſon of a given 
age, after the longeſt liver of three perſons of the ſame 


Wo SOLU- 


X X N 


Lt the number of years, which the gi ue age wants of | f 


. * 6 | 1 1 ; 1 tr . 
E — ar wh S4 * 
* ve &4 — = : ha \ 


© SOLU TA 0 N. 


Kane of be ce ede 1 then 
'will the probability of the failing of the three poſton 
2252 — 8 


c. the probabilities uf the'expeRtant's living: one, two, 
Inn WF Gal et 


— ts, 


2 =” —2 *Xx3 — 


— — — — an — 


ar ur. In 14 


ce. N "te. © De. 2 
| e 


be th vet. ebene, 


ebe A ene en the 


fngle Ait, bs thrice the ul of. rue equal joint loves 
"more"thrice the value of three equal joint {ives, more the war. 


lie of four equal joint lives ; 
That is per corol, to queſt. 78. 


P E. 


3 += 2 wine ns R. 


421 Af 23 pm 4 4 


ms) 1 R ＋ 8 — or, 
The ſam of all which, r. 


< 2+ 3 7, wil 


QUESTION 
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* £ ? 2 4 


1 
* 


15 | QUESTION cm. 4 


> dial ts r it is re- 
" quired to fied the ies of the reverſion of an anmaity, 
ee EN nn 
7 


1— 
f N a 
* — 8 — 
% 2 . 2 


Obrien 


2 328 Faves 


>» 
— 


* 


ver — on 3 arin the uf queſticn, 
"*7t «will appear, thitt the value if the required reverſion will 
be, the value of the ſingle lift, n. four Himes the walue of 
ru equal joint lives, mire” fix! iris the cala, of - three 
equal joint lives, une fiur timed the wales of four_equa/ 
F Fs,” 
That be IO 28. W 


N 
Mn, Meat Ps in. 
day Rap it i=ty 
mee 


.COROL 


Res by 337 


E 
"Hes the value of the reverſion of one like, aſter the 
longeſt of in equal lives, will be, ef 432451 


* 1 12 
242 +. un · zn ＋ 25·3 e 


Where 7; and 2. are -(he Pies EF Gros 
in the ſeries of factors, mentioned in queſt: 20, end all 
by terms in the expreſſion are ifiemicive, . nabe en 


co ROL. I. 
BV comparing the above expreſſion, with thoſe 21 


for the longeſt of any number of lives (in corol. to queſt. 
86) it will appear, that the reverſien of one liſe after the 
longeſt of m equal lives, will be the difference between the 


longeſt of *I 8 8 5 3 8 


livres. 


QUESTIO N- pvnbe 


A table of obſervations, Jeducet rom the bills of mor- 
tality of any place, being given ; to find the complement 
of that life, whoſe value (being computed according to 

the hypothefis of equal d:crements) ſhall be nearly equal 
to the value of the given life, deR from che given 
table of obſervations. 5 lane 
Let » be the required ebe of ne; then the 
probabilities of the life's continuing, to the extremity of 
old ape, will (by arguing as before) be | 
Vol. II. 2 | Jim 


= — 


——_— 
» Tami 
which being an arithmetical progreſſion, whoſe greateſt 


1 


term ĩs Is Dan — . 


— 


wehen deu R=y Tobe 200 quad 7, pct 


II. vol. I. Or (= * = — = | 
bis expreſſion ſhould . (in. order to make the lives 
of the ſame value] be equal to the ſum of à like num- 
ber of terms, taken from the given table of obſervations, 
viz. thoſe which expreſs the probabilities of the given 
life's continuing to the age of 86, ſuppoſed as before to 
be the extremity of old age; the numerators of which 
terms will, if the table of obſervations be diſpoſed i in the 
' manher of thoſe given in page 157 and 159, be found in 
* the ſecond column" thereof, and may be added togetber 


being the number, which, in the * 
againſt the given age. 
Nau if « repreſent the ſum of thoſe numerators, and a 
their common denominator, then the OY equation 
| will ariſe "08 WET . 


a 
„ Vpbemhich zrinciple the following table is compoſed, 
— complements. which coxreſpond to the ſe- 
veral ages therein mentioned, according to the table of 
e 1 ane en of n of 
Lan 154 


. ” * 1 * 4 F . "4 ' , 
F 
05> _ A } . L g * = 2 Age 
Fl - * F 


- 
— — — — 1 a— — ä » — 3 1 


| upowthe- face of the table.z their common denomidater 


* © » . * 1 
1 1 
= 


£950] 
. 
£5,147 14-$6,4]- 
| 24.4 

$2] 29151; 22,87 

27} 4 N 22,0 

16 17 28 21,2 

17 161,612 20,5 
18 65,3] 30 2 30] 4 1957 | 
191590 31] 27 19,0" 79. 96 


Hence (if a table of the abory kind be compoted to, 
correſpond with every table of obſervations, that now | 
are, or may be hereaſter obtained) the values of anbvities 
on fingle and com bined lives, wich their reverſions, may 


be obtained nearly, by taking their complements, or che, 
whole num bers neareſt thereto, from ſuch tables, and ap 


plying them to the proper ſolutions, inſtead = the dif- | 
ferences between the given ages and 86. | 
EXAMPLE IL” 


AMPLE e 
fer Cent. be required; according tc to the Landon obſervati- 
ons. 

The reſpecti ve tabular complements of aten N 
70, and 17 ; 

The ages, which (when the decrements of life are * 
poſed to be equal) erin, to thoſe complements ate 
16, and 92 

The values of which are (pe ble jug 169, CON 
16, 3, and 6, 4: 


Q 2: "ol 


340 MarHzanArICAL | 

And the values of theſe lives, according to Mr. * 
fals tables, are 16, f, and 6,5, 128 i 
b AK LE II. 


Let the value of the joint lives of the ages 10 and zr, 


"four per Cent. according to the London obſervations 
(which was found, by queſt. 68, to be 10,8) be required 
n applied to the approximation in queſt. 
64 
The value of the fingle life of 31 is, by Mr. 
'Simp/on's tables, 12,9; and the tabular complements of 
the given ages give 70, and 47. | 

Now if from 12,9 be taken ==E 3) 7.4. 
the remainder will be =D this being multiple by 
(EE , 

( a = 240 =)7o =, produces r,9; which, taken 
from WANT: * the value requires. 

The method above given, for finding the complement 
of a life; actording to any table of obſervations, may be 
extended to the finding the expectations of ſuch lives. 

"The exprftation of life is that time, which a perſon, of 
a given age, may juſtly expect to continue in being. 

| 7. A 


* 1 Ss & R . 
0 0 * = 
— ———— — — — . — 
had PRE TE TY 3 = + | 22 1. * 1 
4 " 1 ; 
50 * 8. . . 
ad 2 : "QUE 8 TI 2 N | CV. 


"What is the expeftation of a ſiogle life of a given 
age ? * 

By the proceſs i in queſt. 104,when the decrements of life 
are equal, the ſum of the probabifities, which a given 
life, whoſe complement is 5, has of continging to ha 


extremity of old e. vin be = 75 


This 


« . * * 4 a % —_ 
: RE) \ , 
a, 9 . owt x. = * | 
* L . ** 7 ; , * i 
| y 4 = 
—— | * + 


A or 488, bd 


; whoſe ſum it is, a" (only) of the "orobabititics of the 


given life's ſarviviog the firſt, ſecond, third, Ac. yearn | 
without any allowance for the time, which the life maß 


continue after the end of ſuch year, even though it 

ſhould {ail before the expiration of the next. 
Now when a life has attained the beginning ot that 

year, in which it way be ſuppoſed to ſail. 3 it will be an 


equal chance, whether it fails in the firſt half year, N 


latter half year thereof ; and therefore the, probability, of 
ſurviving half of the year ſhould be added to cach ot ide 
eas that ſeries oo) 


* 


Thus, in the Gift went, me prohubilicy el rv 
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rion of their joint cominiikoee, for ons, tw, three, Se. 
years will be” 


7 7 2M—1 FR 25 25 
—— * 8 3 FM E FR 


2 1 In 

and he fo of gef that ſerie ill beth c 
| AH jeſt foes. 

Nom the terms of this ſeries are the product of the 


| | 1-1 2 
two arithmetical p | . — a) 


and . 255 ("); whoſe common dif 


inf 2 2m 


ences refund 3 e of the l bing: : And 


ae thegreatet tex ef the ſecond . a. the _ 
WEED, and nnn beef 


* s 


2 : X 
* þ 6 2 q I TT) 
. ( A 7 "4 ;> 
— * + - 1 N 4 
* . - . 
* . * LAGO yo 4 Fs : 
- 2 ö 
* 
= 


4. IE 


1 5 vl bs 
. by queſt. 21..ths fav of cnn VINE 5 3 


fa 5 too n 1 oa chi cla) a) ny, 
the abave.may be wrote _ | 


| (E===+75 ESP - —==3 which is th ohne 


2 4% 
| f the two joint lives. 
: mn COROL | 
Hence alſo, if the two ages be equal, the  expeAation 
” 1 „ 
arenen SEED) 
CE ——— 
QUESTION «OVER ---- 
What is the expeQation. of three joint lives, of s 
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| Hence'® dle the manner 22 expectation of any 
number of joint Tives is ſuffiriratly evldent, and may bz 


expretkd i in the words uſed by Mr. De Mi ore, viz. 


ReyOSITORY. : - 7 
"why rule 10 find the n F any number join: 
Take 4 of the forte e 
« Take +, part of the ſquare of the ſhorteſt, which — 
e ſucceſſtvely, by all the other compliments then a6 a 
n the quotients together : 
% Take r part of the cube of the forteft * 
% which a of fucceſſevely, by the products of all the other 
* complements, taken. two and-two: - 5 
% Take £5 part of the biguadrati of the foorteft comphe- 
% ment ; which divide, ſucceſſively, byithe produt#s of all 
e the other complements, taken three and three, and ſo on. 
f? hben from the reſult of the firſt operation, ſubtract᷑ the 
e of the ſecond, to the remainder add the reſult of the ws n 
% third, from the fon ſubtra## the reſult of the fourth, and 
6 on: 
« The laſt quantity, remaining after theſe alternate ſub- 
1 trations and additions, will be the thing required. . 
% N. B. The diuiſors 2, 6, 12, 20, Cc. are the pro-. 
q Wy ibs of 2 by 3, of 309 4» of 4 by 5, Cc. 
eres 
2 Bar if all the lives be equal, ie Alen 
* lives, and divide their complement by that number, thus 
« increaſed by unity; and the quotient will expreſs the tine 
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he rule for finding the expectalion 4 the longef of any 
of lives, of green ayes. *. 
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complement ; that of the next elder, the Jecond; that Y 1 
next elder, the third; and /o on," FUSES 


Take half the firft complement ; p "Hy 20 405 part of the 
ſquare of the ſetond complement by the firſt complenient ; divide 
ens twelfth part of the cube of the third complementby the pro- 
duets of the firfl and ſecond; divide ane twventieth part of the 
gat hr of the fourth compleyaat 40 continual firo- 

duff of the three former complements; aud fo continue, di- 
diding the one thirtieth part of the fifth power of the 
fifth EN! the one farty-ſecondth part F the fixth 
power of the ſixil complement, fc. by the continual product 
of all the former cenpl i! ; fo ſhall the | ſum of all thep 
quotients be the expect ation required. 

But, if the lives are of equal ages, tet their common 
complement be multiplied by the number of lives, A phe ſro- 
duff be divided by the number of liues more one; E 
the quotient be the enpectation required. 

If the expeFation of any number of lives, . to 
a table of obſervations deduced from the bills of mirtality of 
any place, be required ; bet the complements of theſe lives 
be found by queſtion 104; and then proceed 41 | fired 


in the abwve- given rules. 
If any number is wanted. that, is beyond the E of 


two, or more, of thoſe together; for inſtance, the pra- 
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4 - Þ $091 o, 805 00, 80 1300, 790% flo, 5936 o, 78620 

5 10,970910,9662,0,961 519,9569,0,9524[0,9434] 
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